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The World Health Organization is a specialized agency of the United Nations with primary responsi-
bitity for internaticnal health matters and puclic health. Through this organization, which was created
in 1948, the heulth professions of some 150 countries exchange their knowledge and experience with
the aim of achieving the highest possible level of health throughout the worid.

By means of direct technical cooperation with its Member States, and by stimulating such cooperation
among them, WHO promotes the development of comprehensive health services, the orevention and
contro! of diseases, the improvement of environmental conditions, the development of health manpower,
the coordination and development of biomedical and health services research, and the planning and
implementation of health programmes.

These broad fields of endeavour encompass a wide variety of activities, such as developing systems of
primary health care that reach the whole population of Member countries; promoting the heal'n of
mothers and children; combating malnutrition; eradicating smallpox throughout the world; controlling
malaria and other srommunicable diseases including tuberculosis and leprosy; promoting mass immuni-
zation campaigns against a number of preventable diseases; improving mer:tal health; providing safe
water supplies; and training health personnel of all categories.

Progress towards better health throughout the world aiso demands international cooperation in such
matters as establishing international standards for biological substances, pesticides and pharmaceuticals;
recommending international nonproprietary names for drugs; administering the International Health
Regulations; revising the international classification of diseases and causes of death; and collecting and
disseminating health statistical information. .

Further information on many aspects of WHO's work is presented in the Organization’s publications.
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Preface

This book is a revised version of a WHO manual by Etienne Lévy-Lambert,
Basic techniques for a medical laboratory (1974), major revisiuns having
been carried out by Miss M. Cheesbrough and Dr L.M. Prescott. The
original version was tested in the field ar:d comments and suggestions from

national experts in several countries as well as from WHO staff have been
used in the revision.

The manual is intended mainly for the use of laboratory assistants in
developing countries during their training and thereafter in their work. it
can also be used for routine work in clinical or health laboratories. In the
selection of techniques particular attention has been paid to the low cost,

reliability and simplicity of the methods and to the availability of resources
in small laboratories. '

The illustrations have been revised by Lynne Cullen Dennis and Pierre
Neumann.

WHO expresses its thanks to all those who have assisted in the preparation
of this manual.




~ Aim of the Manuai

- Laboratories

The manual is inter:ded for use mainly in medical laboratories in developing countries. It is designed periicularly
for use in peripheral laboratories in such countrie:, i.e., in small or medium-sized laboratories attached to regional
hospitals and in dispensaries and rural health centres where the laboratory technician often has to work alone.

The language used has been kept as simple as possible. Common technical terms are employed, howev. r, when
necessary.

Techniques

The manual describes only direct examination
procedures that can be carried out with a microscope
or other simple apparatus. For example:

— the examination of stools for parasites

— the examination of blood for malaria parasites

— the examination of sputum for tubercle bacilli

— the examination of urine for bile pigments

—" the leukocyte type number fraction

— the dispatch of stools to specialized laboratories

for the detection o cholera vibrios.

The intention is to provide an account of basic laboratory techniques that are useful to peripheral laboratories
and can be carried out with relatively limited routine equipment.

Some laboratories may not be able to perform all the techniques described. For example, a rural health centrz
laboratory may not be able to carry out blood chemistry or VDRL tests.

Q 2

ERIC

Aruitoxt provided by Eric




o Mow-to-Use-the:Manual.

1. How to find the required technique
The manual is in three parts according to the subject matter:

Part | — General laboratory procedures
Partll - Parasitology

Bacteriology

Serclogy

Mycology
Part IIl — Examination of urine

Cerebrospinal fluid examination
General haemaiology

Blood chemistry and blood transfusion

A list of the techniques classified according to the subject matter appears.in the table of contents. An alphabetical
list appears in the index. For example, references to Gram staining will be found:

— in the table of contents under Bacteriology {Part Il, B, 28)
— in the index under Stain, Gram.

2. Rezgents

Each reagent has been given a number. The reagents required and their numbers are indicated in the description
of each technique. An alphabetical list of all of the reagents used, with the numbers assigned to them, their
composition, methods of preparation and storage requirements wili be found at the end of th« volume. For
example, for Gram staining a reagent needed is crystal violet (reagent No.15). The composition of crystal violet
and the method of preparing it are given in the alphabetical list of reagents at the end of the manual.

3. Equipment

No articles are included that are very expe ssive or difficult to obtain. The items required for each technique are
listed at the beginning of the corresponding section. A list of the apparatus needed to equip a laboratory capable
of carrying out all the examinations described can be found on pages 104-107.

When certain articles are not available the technician should do his best to find substitutes: thus empty bottles
that formerly contained antibiotics for injection (**penicillin bottles”) or other drugs can be kept; racks for test-
tubes and slides can be made locally; empty tins can be used to make water baths; etc.




__The Responaibllity of the LaDoratory wrer

The laboratory worker carries out laboratory examinations to provide
“information for doctors (cr their representatives) in order to benefit

patients. He therefore plays an important role in heiping patients to get
better. At the same time, in the course of his work he gains a lot of
information about patients and their ilinesses. Th2 laboratory worker, like
the doctor, must regard this information as strictly confidential; only the
doctor who requests examinations should receive the reports on them.
When patients inquire about test results they should be told to ask the
doctor.

In most countries of the world there are high moral and professional
standards of behaviour for doctors and qualified laboratory personnel.
Every laboratory worker handling clinical materials must maintain these
standards.




Units of Measurement

In the laboratory you will woik extensively with both quantities and units
of measurement, and it is important to understand the difference between
them. ;

Any measurable physical property is called a quantity. Note that the word
"quantity’’ has two meanings: the scientific meaning just defined and the
everyday meaning ‘‘amount of”’. In scientific usage height, length, speed,
temperature and electric current are quantities, whereas the standards in
which they are measured are units.

Quantities and units in the clinical laboratory

Almost all your work in the laboratory will involve making measurements
of quantities and using units in reporting the results of those measurements.
Since the health — and even the life — of a patient may depend on the care
with which you make a measurement and the way in which you report its
results, you shotild thoroughly understand (a) the quantities you measure,
{b) the names that are given to those quantities, and (c) the units that are
used to measure the quantities.

New units and names for quantities

A simple standardized set of units of measurement has been the goal of
scientists for almost two centuries. Over the years numerous different
systems have been proposed, but all but one of them have, for one reason
or another, proved unsatisfactory. The exception is a version of the metric
system that was introduced in 1801. Since then this system has been
gradually expanded, and in 1960 it was given the name /nternational System
of Units and the international abbreviation “’S1". Units of measurement
that form part of this system are called ‘'Sl units”. These units have been
used to an increasing extent in the sciences, especially chemistry and physics,
since 1901 (long before they were called S! units), but most of them were
introduced into medicine only after the system was renamed "International
System of Units’’. Some countries have already made the change to the use
of S| units in medicine, others are now in the process of making it, and in
others the change is only in the planning stage. Furthermore, in some
countries the change is being made not on a nationwide basis but in one
locality (or even in one laboratory) at a time.

To accompany the introduction of Sl units, medical scientists prepared
a systematic list of names for quantities. Some of these names are the same
as the traditional ones; in other cases, however, the traditional names were
inaccurate, misleading or ambiguous, and new names were introduced to
replace them.

This manual primarily uses S| units and the new names for quantities.
However, since many of the areas and laboratories in which it will be used
have not yet made the change to SI units, traditional units and traditional
names for quantities are also included and the relationship between the two
is explained.

The following section gives a brief description of the S| units and of the
new quantity names that are used in this manual.

13
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S1 units used in this manual o
All €1 units are based on seven S/ base units. Only four of them are used
in this manual; they are listed in the accompanying table.

Name of quantity Name of S base unit Symbol for S1 base unit
length metre m
mass kilogram kg
time second H
amount of substance mole mol

The first three of these units will be familiar to you, although the quantity
name “mass’’ may need explanation; the last quantity name and unit will
undoubtedly require explanation. Mass is the correct term for what is
commonly called “weight’. {There is a technical meaning of the term
"weight’’: it is a measure of the force with which the earth’s gravity attracts
a given mass. Mass, on the other hand, is independent of the earth’s
gravitational attraction. The two terms are mixed up in everyday usage;
furthermore, we speak of maasuring a mass as 'weighing’’.) "’Amount of
substance’’ and its unit, mole, are very important in medicine and they

will affect your work in the labaratory more than any other quantities or

S| units. When two or more chemical substances react together, they do not
do so in relation to their mass. For example, in the reaction

sodium hvdrochloric___’ sodium carbon water
bicarbonate acid chioride ~ dioxide

1 kg {1 kilogram) of sodium bicarbonate does not react with 1 kg of
hydrochloric acid. On the contrary, 1 mol {1 mole) of sodium bicarbonate
reacts with 1 mol of hydrochloric acid. Whenever chemical substances
interact, they do so in relation to their relative molecular mass {the new’
name for what used to be called “‘molecuiar weight”). Use of the mole,
which is based on the relative molecular mass, therefore gives a measure of
equivalent amounts of two or riore different substances (use of mass units
does not).

The great majority of the Sl units are called S derived units. These are
obtained by combining the S| base units (by multiplication or division) as
appropriate. Some common S| deiived units are shown in the accompanying
table.

Name of quantity Name of SI derived unit Symbol for SI derived unit

area square metre m?
volume cubic metre m?
speed metre per second m/s

You will see that the unit of area is me:re x metre = metre squared or
square metre; the unit of volume is metre x metre x metre = metre cubed
or cubic metre; and the unit of speed is metre divided by seccid = metre
per second. All the S| derived units are obtained in this simple way. In
some cases, however, it is necessary to muitiply and divide several times,
and the resulting expression becomes very cumbersome; for example, the
unit of pressure is kilogram divided by (metre x second x second). To
avoid this difficulty such units are given special names. For example, the
unit of.pressure is called the pascal.

If only the Si base units and derived units were available, measurements
would be difficult besause these units are too large or 00 small for many
purposes. For example, the metre is far too big for convenient measurement
of the diameter of a red blood cell. To overcome this difficulty, the Sl
incorporates a series of prefixes, called S1 prefixes, which when added to
the name of a unit multiply or divide that unit by a certain factor, giving
multiples or submultiples of the unit. The Si prefixes used in this manual
are listed in the accompanying table.

Name of prefix Symbol for prefix Multip ication/division factor
mega M mult. by 1 million {x 10%)
kilo k mult. by 1 thousand (x 10%)
centi c div. by 1 hundred (x 0.01 or 107)
milli m div. by 1 thousand (x 0,001 or 1073
micro u div. by 1 miltion (x 107%)
nano n

“div. by 1000 million (x 110"")

A
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For example, 1 kilometre (symbol: km) = 1 000 metres (1000m); 1 centi-
metre (1 cm) = 0.01 metre (0.01 m or 1072m); 1 millimetre (1 mm) = 0.001
metre (0.001 m or 10~3m); and 1 micrometre (1 zm) = 0.000 001 metre
(0.600 001 m or 1076 m). Most of these prefixes will already b~ familiar

to you when they are applied to the metre. All you have to renember is that
they have the same meaning when they are applied to any other unit.

New quantity :ames

It was stated above that, to accompany the change to Si units, certain
new nzmes for quantities were introduced. There are not very many of these;
quantity names such as length, height, area, volume, and speed remain
unchangzd. Most of the new names are related to concentration and related
quantities. The difficuity with concentration is that it can be expressed in
several different ways. Traditionally all of these were callec simply
“concentration”, whick was misleading. Now each diiferent way of
expressing concentration has its own special name. Before these new names
can be described, it is necessary to explain the unit of volume called the
“litre”’. You are probably familiar with this unit of volum¢, and may have
been surprised not to find it mentioned above in the discussion of SI derived
units. It was not mentioned there because the litre is not, strictly speaking,
an Sl unit. The S| (derived) unit of volume is the cubic metre, but this is
far too large to be convenient for measurements of body fluids. A sub-
multiple of the cubic metre is therefore used: the cubic decimetre. The
prefix "*deci” was not listed above because it is not used in this manual, but
it means division by 10 (or multiplication by 0.1 or 1071). A decimetre is
therefore 0.1 m, and a cubic decimetre is 0.1 x 0.1 x 0.1 m>= 0.00T™m?

(or 1073 m3; that is, one-thousandth of a cubic metre). The name “litre”,
although not part of the Sl, has been approved for use as a special name for
the cubic decimetre. The litre and its submultiples, such as the millilitre,
are used mainly for measuring relatively small volumes of liquids and some-
times gases; volumes of solids and large volumes of liquids and gases are
usually measured in terms of the cubic metre or one of its multiples or
submultiples. The litre is a very important unit because it is the unit used
in the clinical laboratory for reporting all concentrations and related
quantities. However, you may encounter (for example, on graduated glass-
ware) volumes marked in terms of submultiples of the cubic metre. At the
end of this sectionyou will find a tabie of equivalents in the two systems.

Having explained the litre, we can now return to the names for different
ways of expressing concentration. First, suppose that we have a solution of
salt. The mass of dissolved salt divided by the volume of solution is called
the mass concentration. A more general definition of mass concentration is
"the mass of a given component (e.g., a dissolved substance) divided by
the volume of solution”. The unit in which it is measured is gram {or milli-

.gram, microgram, etc.) per litre. In the S| system mass concentration is

rarely used; it is used only for substances whose relative molecular mass
(“molecular weight’’) is uncertain, such as proteins.

Now suprose that we have another solution of salt, only this time the
amount of dissolved salt is expressed in terms of “amount of substance”.
The amount of substance of salt (that is, the number of moles of salt)
contained in the solution divided by the volume of the solution is called
the amount of substance concentration, or, for short, the substance
concentration. A more general definition of substance concentration is
"the amount of substance of a given component {e.g., a dissolved substance)
divided by the volume of solution”. The unit in which substance concen-
tration is measured is mole (or millimole, micromole, etc.) per litre. In using
Sl units all concent-ations are expressed in terms of substance concentration
wherever possible.

This use of substance concentration instead of mass concentration is the
most important difference between the use of SI units and the use of
traditional units. .

In the traditional system mass concentration was used almost exclusively
(although it was not called “mass concentration’, which is a relatively new
name). However, mass concentration was not, in the traditional system, always
expressed in terms of “’per litre’’. Sometimes "'per litre” was used, sometimes
per 100 mi** [that is, per 100 millilitres or 1/10 litre), and sometimes “per
millilitre”. Different countries {and even different laboratories in the same
country) followed different practices, making for considerable confusion.

I'5
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" “For particles or entities that are not dissolved it is not possible to use
either mass concentration or substance concentration; a differant quuntity
" must be used. For example, the blood contains many different kinds of cell.
These cells are suspended in the blood, and we must have a way of express-
ing the number of cells in each litre of blood. In this case the quantity name
is number concentration, which is defined as ‘‘the number of specified
particles or entities in a mixture divided by the volume of the mixture”.
The unit in which number concentration is measured in number per litre.
In the traditional system number concentration was called a “count” and it
was expressed in the unit “number per cubic millimetre”’.

Sometimes the quantity that is of concern is not the actual number of
cells per litre {(number concentration) but the proportion of cells of a given
type — that is, the fraction of the total number that is accounted for by
cells of that type. This quantity is called number fraction, and the unitin.
which it is measured is 1 {unity, “‘one”). At first sight this may seem a little
confusing, but in reality it is very simple. Unity, or the number “one”’,
represents the whole; 0.5 represents one half, 0.2 one fifth, 0.25 one quarter,
0.1 one tenth, and so on. For example, five kinds of leukocyte (white cell)
occur in the blood. The number fraction of each type might be 0.45, 0.35,
0.10, 0.08 and 0.02. (If you add these fractions, you will find that the
total is 1.0 — the whole).

R In the traditional system this quantity had no name and results were reported
as percentages instead of fractions. For exampte, a number fraction of 0.5 was
reported as 50%, and a number fraction of 0.08 was reported as 8%. From this
you will see that percentage divided by 100 gives number fraction.

Another quantity that is measured by the unit ""one’ is volume fraction.
This is defined as the volume of a specified component of a mixture divided
by the total volume of the mixture. For example, if the total volume
occupied by all the erythrocytes (red cells) in 1 litre {1 000 mi) of blood
is 450 ml, the erythrocyte volume fraction is 450/1 000 = 0.45. The
erythrocyte volume fraction is important for the diagnosis of many diseases
and you will often measure it in the laboratory. )

In the traditional system volume fraction had no specia! name: instead, each
different volume fraction had a different name. Erythrocyte volume fraction,
for example, was called “’packed cell volume” {which was misleading because
it did not specify what kind of cell was measured and because it was reported
as a percentage, not as a volume).
From the above explanation you will see that number fraction is “number
per number”’ and voluma fraction is “volume per volume’’ — that is, they
are both ratios. For convenience, we say that the unit for reporting a ratio
is "‘one’’.

On the following pages you will find a table of new and traditional

quantity names and of Sl and traditiora! units, with conversion factors.

UNITS OF VOLUME
Equivalent submuitiples of the cubic metre and of the litre
Name Symbol Equivalent in terms Name Symbol Equivalent in terms
of cubic metre of litre
cubic decimetre dm® = 0.00tm* = litre | =
(no special name)  100cm® = 0.0001 m? = decilitre” dl = 0.1litre
(no special name)  10cm® = 0.00001 m® = centilitre” cl = 0.01 litre
cubic centimetre cm® = 0.000001m? = millilitre mi = 0.001 litre
cubic millimetre mm® = 0.000000001m® == microlitre ul = 0.000001 litre

*Seidom used in the laborstory.
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NEW QUANTITY NAMES AND S! UNITS, TRADITIONAL EUUIVALENIS, ANUD VUNVERDIUN FALVIUND

Nev quantity name Si unit Traditional quantity name Trad. unit Conv. factors & examples”
erythrocyte number concentration  no. x 10'?/1  erythrocyte count millions/mm?®  no conv. factor:
(see page 366) 4.5 millions/mm*=4.5x 10" /1
5.0 x 10'? /1 = 6.0 millions/mm”
erythrocyte volume fraction 1 packed cell volume or % packed cell volume 38% x 0.01
{see page 379) haematocrit = erythrocyte volume fraction
0.38
erythrocyte volume fraction 0.4
x 100 = packed cell volume 40%
leukocyte number concentration no. x 10°/1  leukocyte count no./mm? 8 000/mm? x 0.001 = 8.0 x 10°/1
(btood) {blood) 7.5 x 10°/1x 1000 = 7 500/mm?
{see page 360)
leukucyte number concentration no. x 10%/I  leukocyte count no./mm? no conv. factor:
(cerebrospinal fluid) (cerebrospinal fluid) 27/mm? =27 x 108/}
{see page 342) 25 x 10¢/1 = 26/mm?
leukocyte type number fraction 1 differential leukocyte % lymphocytes 33% x 0.01 =
(e.g. lymphocyte number fraction) count {e.g. lymphocytes) lymphocyte number fraction 0.33
(see pag~; 397, 343)
lymphocyte number fraction
0.33 x 100 = lymphocytes 33%
reticulocyte number concentration no.x 10%/1 reticulocyte count no./mm? 86 000/mm? x 0.001 =
{see page 416) 86.0 x 10°/1
91.5x 10%/1 x 1000 =
91 500/mm*?
reticulocyte number fraction? 1073 reticulocyte count % {a) 0.50% x 10=6x 1073
{<ee page 416) 12x 107 x0.1=1.2%
or or
%00 (b) 5 %00 =5x 1073
12x 107 =12 %o
thrombocyte number no. x 10°/1  thrombocyte count no./mm? 220 000/mm? x 0.001 =

concentration

220 x 10°/1
250 x 10%/1 x 1000 =
250 000/mm

* The examples show first the conversion of actual numerical values in traditional units into values in S1 units, and then the conversion from Si into
traditions! units. The conversion factor is underlined.

# |n this case, number fraction is reported not as a fraction of 1, but as a fraction of 1 000, in order to avoid inconveniently small numerical values.
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New quantity name

Trad. unit

Conv. factors & examples®

glucose, substance concentration
{blood and cerebrospinal fluid)

haemoglobin{Fe), substance
concentration

haemoglobin, mass
concentration®

mean erythrocyte iiaemo-
globin(Fe) substance
concentration®

mean erythrocyte haemo-
globin mass concentration®

protein, mass concentration
{cerebrospinal fluid)

urea, substance concentration
(biood)

St unit ‘Traditional quantity name
mmol/| glucose, mass concen-
tration? (blood and
cerebrospinal fiuid)
. mmol/l haemoglobin, mass
concentration?
g/l haemoglobin, mass
concentration?
mmol/l mean corpuscular haemo-
globin concentration
{i.e. mass concentration)
g/l mean corpuscular haemo-
globin concentration
{i.e. mass concentration)
gl protein, mass concen-
tration?
mmol/| urea, mass concentration?

urea nitrogen®, mass
concentration

mg/ 100 mi

a/100 mi

g/100 ml

9%d

%d

mg/100 mi

ofl

mg/100 mi

mg/100 m!

81 mg/100 ml x 0.0565 =
4.5 mmol/

4.2 mmol/l x 18.02 = 75.7
mg/100 mi

Hb 13.7 9/100 ml x 0.621 =
Hb({Fe) 8.5 mmol/l

Hb{Fe) 9 mmiol/l x 1.61 =
Hb 14.5 ¢/100 mi

14.8 /100 mi x 10 = 148 g/|
139 ¢/l x0.1=13.9 ¢/100 ml

35% x 0.621 = 21.7 mmol/l
22 mmol/l x 1.611 = 35.4%

35% x 10 = 350 g/I
298 ¢/l x 0.1 = 29.8%

25 mg/100 mi x 0.01 = 0.25 9/1
0.31 g/l x 100 = 31 mg/100 ml

no change

15 mg/100 ml x 0.167 =

2.5 mmol/|

2.9 mmol/l x 6.01 =
17.4mg/100mI

urea nitrogen, 7 mg/100 mi
x 0.357 = urea, 2.5 mmol/

* The exampies show first the conversion of sctual numericat values in traditional units into valués in Sl units, and then the conversion from Sl into
traditions! units. The conversion factor is unde-lined.

b Mass concentration is what was meassured, but the term “mass concentration

€ For explanation, see the text.

d Mesn corpuscular haemoglobin concontration was sometimes expressed
instead of 35%. In this case, each of the conversion factors listed must be mul

2 |n the traditional system ursa was somatimes reported in terms of ures and sometimas in termns O

0.35 x 62,1 = 21.7 mmol/!
22mmol/l x 001811 = 0.354
0.35 x 1000 = 360 g/t
298 g x 0.001 = 0.298

ures). Conversions for both systems sre shown.
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* was not usuelly used.

in the form of a decimal fraction instead of a percentags, for example 0.35
Itiplied or divided by 100, as in the following examples:

f urea nitrogen {i.e. the nitrogen content of the
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GENERAL LABORATORY PROCEDURES




1. The Microscope:
Adjustment and Maintenance

Many of the diseases prevalent in hot climates are communicable diseases, transmitted by organisms that can often
be seer: under the microscope in specimens taken from patients. Direct microscopy is therefore indispensable in
laboratories in tropical countries.

A clinical laboratory without a microscope or with a microscope that is not properly maintained cannot be
considered properly equipped.

1. COMPONENTS OF THE MICROSCOPE

The various componerits of the microscope can be
classified into 4 systems:

(a) the support system

(b) the magnification system

(c) the illumination system

(d) the adjustment system.

A. The support system

. This consists of:
1. The foot
2. thelimb
| 2 the revolving nosepiece (objective changer)
5

. the stage
. the mechanical stage, which gives a slow controlled
 movement to the object slide.

A FuiToxt provided by




B. The magnification system
This consists of a system of lenses.

The lenses of the microscope are mounted in 2 groups,

one at each end of a long tube — the body tube:

— the first group of lenses is at the bottom of the
tube, just above the preparation under examination
{the object), and is called the objective

— the second group of 2nses is at the top of the tube,
where the microscopist applies his eye, and is
called the eyepiece.

1. THE OBJECTIVES
(a) Magnification

The magnifying power of each objective is shown
by a figure engraved on the sleeve of the lens:
— the x 10 objective magnifies 10 times
— the x 40 objective magnifies 40 times
— the x 100 objective magnifies 100 times.
{The x100 objective is usually marked with a red ring to
show that it must be used with immersion oil.)

(b) The numerical aperture (NA)

The NA is also engraved on the sleeve, next to the
magnification, e.g:

— 0.30 on the x 10 objective

— 0.65 on the x 40 objective

— 1.30 on the x 100 objective.

The greater the NA, the greater the resolving power
(the ability to reveal closely adjacent details as
separate and distinct).

{Moreover, the greater the NA figure, the smaiter the front lens
mounted at the base of the objective. The front lens of the
~ x 100 cbjective is the size of a pin-head, so handle it with care.)

(c) Other figures may be marked on the §Ieeve:

the recommended length in mm of the tube
(between the objective and the evepiece) -~
usually 160 mm

the recommended thickness in mm of the coverslip
used to cover the object slide — e.g., 0.17

The screw threads of all objectives are standard,
so the cbjectives in the revolving nosepiece are
interchangeable.




(d) Working distance of an objective

This is the distance between the front lens of the
objective and the object slide when the image is
in focus.
The greater the magnifying power of the objective,
the smaller the workiag distance.
— x 10 objective: the working distance is
5-6 mm
- x 40 objective: the working distance is
0.5-1.5 mm
— x 100 objective: the working distance is
0.15-0.20 mm

(e) Resoiving power

The greater the resolving power of the objective,
the clearer the image and the greater the ability to
reveal closely adjacent details as separate and
distinct.

The maximum resolving power of a good medical
laboratory microscope is about 0.25 um (the
resolving power of the normal human eve is

0.25 mm).

Immersion oi! increases the resolving power by conserving many
light rays that would bs lost by refraction if a dry objective
were used.

2. THE EYEPIECE
Magnification

The magnifying power of the eyepiece is marked

onit:

— An x 4 eyepiece magnifies the image produced
by the objective 4 times

— An x 6 eyepiece magnifies the image 6 times

— An x 10 eyepiece magnifies the image 10 times,

If the object is magnified 40 times by the x 40

objective, then 6 times by the x 6 eyepiece, the

total magnification is 6 ». 40 = 240.

To calculate the total magnification of the object
observed, multiply the magnifying power of the
objective by that of the eyepiece.

Microscopes. used in medical laboratories have a
magnifying power of between 50 and 1000.

Monocular and binocular microscopes

Monocular microscopes (only one eyepiece) give better
illumination and are recommended for use with x 100
oil-immersion objectives when the source of light is
daylight. ‘

Binocular microscopes (2 eyepieces but only using 1
objective at a time) are less fatiguing for the eyes when
long examinations have to be made. Electric illumin-
ation is, however, essential for the x 100 objective.




C. The illumination system

4

i. The source of light

Electric light should preferably be used, since itis
easier to adjust. It is provided by a lamp builtinto
the microscope beneuth the stage, or by an external
la.np placed in front of the microscope.

Otherwise, daylight can be used. The microscope
must never be used, and should never be stood, in
direct sunlight. It should be well illuminated but
used in a subdued light. |f there is bright sunlight
a bottle or a round flask of clear glass and full of
water can be placed in front of the microscope to
reduce the intensity of the light.

2. The mirror

The mirror reflects rays from the light source on
to the object. One side has a plane surface, the
other a concave surface. The concave side forms
a low-power condenser and is not intended to be
used if there is already a condensc:,

3. The condenser

The condenser brings the rays of light to a common
focus on the object to be examined.

It is situated between the mirror and t".e stage.
It can be raised (maximum illumination) and
lowered (minimum illumination}. It must be
centred and adjusted correctly.

4. The disphragm

The diaphragm, which is within the condenser, is
used to reduce or increase the angle and therefore
also the amount of light that passes into the
condenser.

The wider the diaphragm the wider the angle and
consequently the greater the NA and the smaller
the detail seen. But the contrast is correspondingly
less.

Q
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5.

Filters

In some microscopes coloured filters (particularly
blue filters) are fitted below the condenser. These
can be left in place or removed according to the
type of preparation being examined.

D. The adjustment system
The system comprises:

1.

The coarse adjustment screw )
This is the largest screw. It is used first to achieve
an approximate focus.

The fine adjustment screw
This moves the objective more slowly. It is used
to bring the object into perfect focus.

The condenser adjustment screw

This is usad to raise the condenser for greater
illumination or to lower it to reduce the
illumination.

Condenser centring screws

There may be 3 screws placed arourd the
condenser: one in front, one on the left and one
on the right. They are used to centre the condenser
exactly in relation to the objective.

The iris diaphragm lever

This is a small lever fixed on the condenser. It can
be moved to close or open the diaphragm, thus
reducing or increasing both the angle and the
intensity of the light.

6. Mechanical stage controls

These are used to move the object slide on the stage:

1 screw to move it backwards'and forwards
1 screw to move it to left or right.

17




1. SETTING U? THE MICROSCOPE

Wen a new microscope is received in the laboratory, it is important to know how to set it up.
1. Position of microscope _
Place it on a firm level bench (check with a spirit level) of adequate size but not too high. If electric

illumination is to be used the microscope must be placed in the shade, away from the window. Place a square
felt pad under the microscope. If no felt is available, use a piece of heavy cloth.

2. Fitting the accessories

— Screw the objectives into the revolving nosepiece,
following this order in a clockwise direction:
— (x 3 or x 5 objective)
— x 10 objective
. — x 40 objective
— x 100 (oil-immersion) objective.
The screw threads are standai .
— Put the eyepiece(s) in place.
— Fix the condenser under the stage.
— Fix the mirror on the foot.

3. Positioning the lamp

if electric illumination is to be used, place the lamp
20.cm in front of the microscope facing the mirror,
which should be fixed at an angle of 45°. Place a
piece of paper over the mirror. Adjust the position
of the lamp so that it shines on the centre of the
mirror.

If the lamp is fitted with a lens, the filaments in the bulb are
projected on to the piece of paper covering the mirror. This
makes it possible to centre the beam more precisely. In some
models the bulb is turned unti! a clear image of the filament
is obtained.

4. Preliminary adjustment of the miiror

Use tae plane side of the mirrc.. Remove any
coloured filters. Open the iris diaphragm to the
maximum. Raise the condenser. Place a piece of
thin white paper over the lens at the top of the
condenser. This piece of paper should show an
image of the electric bulb, surrounded by a circle
of light.

Q 18 -
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Adjust the mirror so that the image of the bulb is in
the exact centre of the circle of light (or the brightest
part if daylight is being used). .

§. Centring the condenser (if centring is provided for)
It is very important to centre the condenser correctly. This is quite frequenily overlooked.

(a) Place a slide preparation without a coverglass on the stage. Lower the condenser. Open the iris diap!wagm.
Examine with the lowest power objective (x 3, x 5 or x 10). Look through the eyepiece and bring into

focus. ~

(b) Close the diaphragm. A blurred circle of light
surrounded by a dark ring appears in the field.

(c) Raise the condenser slowly until the edges of the
circle of light are in sharp focus.

(d) Adjust the position of the mirror (if necessary)
s0 that the circle of light is in the axact centre of
or superimposed upon the bright area surroundec
by the dark zone.

2o
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{e) Using the centring screws of the condenser,
adjust so that the circle of light is in the exact
centre of the field. Check for other objectives
also.

~

6. Adiustmentfnf diaphragm

Open the diaphragm completely. Remove the
eyepiece and look down the tube: the upper lens
of the objective will be seen to be filled with a
circle of light. Close the diaphragm slowly until
the circle of light takes up only 2/3 of the surface.
Do this for each objective as it is used.

7. Adjustment of eyepieces
Selection of eyepiece —

The x 5 or x 6 eyepieces give good results for the medical laboratory. With a high-power eyepiece there will
be increased magnification but perhaps no great increase in detail. The eyepiece to use is a matter of choice.

Binocular adjustment

In binocular microscopes the interpupillary distance (the distance between the pupils of the eyes) can be
adjusted to suit the operator.
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_ One of the eyepiece h

Focusing the right and left eyes

e holders (usually the left) has a
focusing collar. If the Collar is on the left eyepiece
holder, close your left eye and, using the x 40 objective,
bring the i*~3qe into focus for your right eye with the
right eyepiecy, - =~ - 7 ,

Then close your right eye and look througn the left
eyepiece. If the image is in focus, no adjustment is
needed. If the imaye is not clear, turn the focusing
collar until it is in focus. The microscope is now
adjusted to suit your own binocular vision.

1. FOCUSING THE OBJECT

1. Using a low-power objective (x 5 or x 10)
Rack the condenser down to the bottom.

Lower the objective until it is just above the slide prepara
Raise the objective, using the coarse adjustment screw, un

Occasionally a clear image cannot be‘obtained although the objective has been lowered a3 far as possible. This is because the fine
acjustment screw has been turned right to the erid. Tum it back as far as it will go in the other direction and then focus by raising

the objective.

Rack the condenser up slightly if there is insufficient illumination.

til a clear image is seen in the eyepiece.

2. Using a high-power objective (x 40)

Rack the condenser half-way down.

Lower the objective until it is just above the slide

preparation.(the working distance is very short

— about 0.5mm). .

Using the coarse adjustment, raise the objective

\ffery slowly until a blurred image appears on the
. field. : :

“~i Bring intofocus using the fine adjustment. Raise

the condenser to obtain sufficient illumination.

- . If the microscope has no condenser, use the concave side of the
_..iirror. :
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3. Using the oil-immersion objective {x 100)

Perfectly dry stained preparations must be used.
Place a tiny drop of immersion oil or: the part to be zxamined (use synthetic oils, which do not dry, in
preference to cedarwood oil, which dries quickly).

Rack the condenser up as far as it will go, and open the
iris diaphragm fully. Lower the x 100 objective until

it is in contact with the oil. Bring it as close as possible
to the slide, but avoid pressing on the preparation
{modern objectives are fitted with a damper).

Look through the eyepiece and turn the fine adjustment
very slowly upwards until the image is in focus.

If the illumination is inadequate, use the concave side of the
mirror as recommended for the x 40 objective.

Important: In most microscopes now it is not the objective
hoider but the stage that is moved up or down by the coarse and
f.7e adjustment screws. In this case the screws must be turned in
the opposite direction to bring the image in%o focus.

Depth of the field

- The image is seen in depth when a Iow-power objective is used. The depth of focus is small and the impression

- of depth intensified when higher-power objectives (x 40, x 100) are used, and the fine adjustment must be used
to examine every detail from the top to the bottom *evels of focus of the object observed (e g., the different
nucleiin a sphencal amoeba cyst).

4. Images seen.under the microscope

Remember that the circle of light seen in the
eyepiece |s called “'the mlcroscoplc field".

How to establlsh the position of objects seen

Objects observed in the field can be placed in
relation to.the hands of a clock. -
For.example, a schistosome egg is placed at
"2 o clmk” in the illustration.




Inversion of images

The image seen is inverted by the lenses:

— objects seen at the bottom of the field are
actually ~t the top

— objects seen on the left hand side of the field
are actually on the right.

Moving the object

If you move the slide to the right, the object
examined moves to the letl.

If you move the slide towards you, the object
examined moves away from you.

Changing objectives

Modern microscopes are made so that when you change
from a low-j:ower objective to a more powerful one to
examine the same object, the object remains more or
less in focus. If this is not the case, raise the nosepiece
before changing to the more powerful objective and
refocus.

Before changing objectives, make sure that the object
examined is in the middle of the field, so that it is nct
lost after the change. - X10 X40

IV. ROUTINE SJAINTENANCE OF THE MICROSCOPE

The microscope needs daily attention to keep it in good working order and thus to ensure reliable laboratory
results. Special care is required in hot and humid climates.

1. Equipment »

Pieces of oid cloth and a fine soft linen handkerchief, already washed

Special lens tissue paper or, if unavailable, white absorbent paper (toilet paper)

A piece of chamois leather, if possible (otherwise a non-fluffy rag)

A little bottle of xylene {or toluene)

A plastic cover

A small rubber bulb and, if possible, a fine paintbrush (or a special brush for cleaning lenses)
- {n hot, humid climates —

Laboratories with electricity:

— awarm cupboard heated by 1 or 2 light bulbs {40-watt)

Laboratories without electricity:

— if possible, a desiccator 15-20cm in diameter with not less than 2509 of dry blue silica gel (which

indicates humidity by turning pink).

NOORWN =

2. Cleaning the objectives
Dry objectives
Breathe on the lens and wipe with a soft cloth, moving the cloth across and not circularly.
Oit-immersion objectives '

Remove the oil with lens paper or absorbent paper. If there are traces of old immersion oil or if cedarwood
oil has been used, moisten the paper very slightly with xylene or toluene, then wipe again with dry paper.
Every evening before putting the microscope away, remove any dust on the objectives by puffing air with
the rubber bulb. If necessary, remove any remaining dust using the fine paintbrush.
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3.

Cleaning the eyepieces

— Clean the upper surface of the upper lens (where you apply your eye) with a soft cloth or tissue paper

— Clean the lower surface of the lower lens, inside the microscope tube, with the fine paintbrush

— If there is dust inside the eyepiece, unscrew the upper lens anc clean the inside lenses using only air from
the rubber bulb and the fine paintbrush.

4. Cleaning the condenser and mirror

The condenser is cleaned in the same way as the objectives, with a soft cloth or tissue moistened with xylene.
The mirror is cleaned with a soft cloth moistened with alcohol.

Cleaning the support and stage

Clean with chamois leather or a soft non-fluffy cloth.
Never use xylene, which may remove the black paint from the microscope.
The stage can be cleaned thoroughly using absorbent paper impregnated with petroleum jelly.

V.
A.

ADDITIONAL PRECAUTIONS TO BE TAKEN IN HOT CLIMATES

Hot humid climates

In hot humid climates, if no precautions are taken, fungus may develop on the microscope, particularly on the
surface of the lenses, in the grooves of the screws and under the paint, and the instrument will soon be useless.
This can be prevented as described below.

1.

Laboratories with electricity

Every evening place the microscope in a warm
cupboard. This is simply a cupboard with a tight-
fitting door, heated by one or two 40-watt light
bulbs (for a cupboard just big enough to take 1 -4
microscopes one bulb is enough). The bulb is left

on continuously, even when the microscope isnotin
the cupboard.

Check that the temperature inside the cupboard is
at ieast 5° warmer than that of the laboratory.
For example:

— temperature of laboratory: 26 °C

— temperature inside cupboard: 32°C.

Important: the microscopes must be kept in the *Gauze or cotion wool plugs
warm cupboard even if the laboratory is air-

conditioned.
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2. Laboratories without electricity

The microscope can always be kept in the open air,
in the shade but near a sunny spot. .

Never put the microscope in its wooden box (even
overnight) but always use a cover. The microscope
must, however, be cleaned daily to get rid of dust.

Ideally, the laboratory should be visited every 3 months by a specialist, who takes the microscope to pieces and:
— inspects the surfaces of the lenses and the prism for the first signs of fungus
— lubricates the metal parts with a special liquid cil that has cleaning properties.

8. Hotdry climates

In hot dry countries the main problem is dust (sandstorms, etc.). Fine particles work their way into the threads
of the screws and under the lenses. This can be avoided as follows:

1. Always keep the microscope under a airtight plastic
cover when not ir; use. Put it away in its wooden box
every svening.

2. At the end of the day's work, clean the microscope
thoroughly by blowing air on it from a rubber bulb.

3. Finish cleaning the ienses with a lens brush or fine
paintbrush, If dust particles remain on the surface of
the objectives, remove with lens paper.

4. if there is a wat sesson izusting more than a month,
take the precautions reccsnmended above for hot
humid climates.




SOME THINGS NOT TO DO

Never clean the lenses of the objectives and eyepieces with ethanol.

Never dip the objectives in xylene or ethanol (the lenses would become unstuck).
Never use ordinary paper or cotton wool to clean the lenses.

Never touch the objectives with your fingers.

Never clean the supports or the stage with xylene.

Never clean the inside lenses of the eyepieces and objectives with cloth or paper {this might remaove the
anti-reflecting coating); use a fine paintbrush only. :

~

Never leave the microscope without the eyepieces unless the openings are plugged.
8. Never keep the microscope in a closed wooden box in hot humid countries.
9. Never put the microscope away with immersion oil on the objective.

10. Never carry the microscope by the limb with one hand: use both hands, one under the foot, the other
holding the limb. '

THE McARTHUR MICROSCOPE

The WicArthur microscope is an instrument that, while capable of the highest magnifications and a number of
unusual forms of work, is no larger than a miniature camera, weighs less than half a kilogram, and can be used
in the hand. :

It is used in tropical medicine for the examination of blood films and dissections of mosquitos for malaria in rural
surveys; of blood films and the cerebrospinal fluid for carriers of sleeping sickness; of urine and stools for eggs,
and of sputum in tuberculosis surveys, and also for the dissection of snails in schistosomiasis and the rapid
diagnosis of cholera (which can be done within seconds and with no adjustment whatever). )

The instrument has automatic focusing and gives a direct instead of an inverted image, is extremely rugged, and
has a wide range of accessories, including equipment for immersion, dark-ground illumination and phase contrast.
It can be used for the examination of sediments in considerable volumes of fluid, in blood counts and in a variety
of other operations in rural surveys in circumstances in which no other microscope can be used.
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2. Laboratory Glassware

and Small Apparatus
Flat-bottomed
Erlenmeyer round fiask Round-bottomed
Beaker flask (Florence flask) flask

)

Conical testing

Evaporating

—=

glass Filter funnel dish Watch glass
-
Kahn or Round-bottomed Conical
Test tube precipitin tubes *  centrifuge tube cantrifuge tube
\__J
Crystallizing
Petri dish dish Desiccator Staining trough
Gilssswere for messuring volume (pipettes, messuring cylinders, volumetric flasks, etc.):
See following sections.
Q
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Bunsen burner
{hot flame)

Bunsen burner
{light flame)

Ashestos gauze
Tripod

Spirit lamp

Wooden test

tube holder

Slide
forceps

Pestle
Mortar

]
<

Drop bottles

Wash Lbottle

Thermometer
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3. Cleaning Glassware

PROCEDURES FOR CLEANING

Glass containers (Erlenmeyer flasks, beakers, tubes)
Pipettes :

Microscope slides

Small apparatus (syringes, needles, etc.)

bad ol

I. GLASS CONTAINERS

A. New glassware

Glassware that has never been used is slightly alkaline.

In ordei to neutralize it:

— prepare a basin containing 3 litres of water and
60 ml of concentrated hydrochloric acid (i.e., a
2% solution of acid)

—~ leave the new glassware completely immersed in
this solution for 24 hours

—~ rinse twice with ordinary water and once with
demineralized water

— dry.

B. Dirty glassware
Disposal of specimen containers (see page 40)
2. Preliminary rinsing

-
.

Rinse twice in cold or lukewarm water {never
rinse bloodstained tubes in hot water). Glassware
that has been used for fluids containing protein
fluids must never be allowed to dry before first
being rinsed and then washed.

3. Soaking in detergent solution

Prepare a bowl of water mixed with washing powder
or liquid detergent. Put the glassware in the bow!
and brush the inside of the containers with a test-
tube brush. Leave to soak for 2—3 hours.

4. Rinsing

Remove the articles one by one. Rinse each one
thoroughly under the tap, then soak them all in a

bow! of ordinary water for 30 minutes. Rinse each
article in a stream of clean water. {Do not forget
that traces of detergent left on glassware can lead
to false laboratory results.)

8. Draining

Place containers {b=akers, flasks, measuring
cylinders) on the pegs of a wall draining rack. Place
tubes upside down in a wire basket.

6. Drying

Place in wire baskets and dry in the hot air oven
at 60 °C. Otherwise, place the baskets in a sunny
spot in the laboratory and cover with a fine cloth.




. Plugging . ’ R %}?ﬁ’&

The clean dry giassware should be put away ina
cupboard to protact it from dust. It is recommended
that containers should be plugged with non- \
absorbent cotton wooi or the mouths covered

with little caps made from newspaper or, preferably,
thin sheeting of paraffin wax or clinging plastic {e.g.,
Parafilm or Saran), if available.

. PIPETTES

Immediate rinsing

As soon as a pipette has been used, it must be rinsed at once in a stream of cold water to remove blood, urine,
serum, reagents, etc.

Soaking in water

After rinsing, place the pipettes in a large, plastic measuring cylinder (or bowl) fuil of water. If the pipettes
have been used to measure infected material, leave thern in @ cylinder full of disinfectant solution (a quaternary
ammonium compound or 2% phenol) for 24 hours.

Soak-:q in d- 2rger !rinsing

Foliow the instruc .- ~ Jiven above for laboratory glassware.

Blocked pipettes

(a) Put them in a eylinder {7led with dichromate cleaning solution (reagent No. 16). Slide tiem carefully o
the solution and €3VE ‘¢ 24 hours.

(b) The next day, pour the dichromate solution into another cylinder (it can be used 4 times).

{c) Hold the cylinder containing the pipettes under the tap and rinse thoroughly.

(d) Remove the pipettes one at a time. Check that the obstruction has been washed away. Rinse again.

(e) Leave to soak in ordinary water for 30 minutes, then repeat in clean water for 30 minutes.

Warning: The dichromate solution is highly corrosive and should be used with extreme care. |f accidentally spilled on skin, eye
or clothing, wash at once with coplous amounts of water.

Drying
Dry Pyrex pipettes in the hot air oven at 60 °C and ordinary pipettes in the incubator at 37 °C or in the air.

Using the vacuum pump

This is a small metal or glass (fragile) instrument
that is attached to the tap.

{a) Turn the water on hard to drive a strong jet
through the pump. This causes air to be sucked
into the side arm of the pump and the rubber
tubing attached to it.

{b) Fit this rubber tubing over the tip of the pipette.

(c) Dip the other end of the pipette into the rinsing
liquid, which is sucked through the pipette and

discharged by the pump into the sink.



til. MICROSCOPE SLIDES

A,
1.

New slides

Soaking in detergent solution

Prepare = :owl of water with washing powder or liquid detergent using the amount of detergent recommended
by the mz ufacturer. Plzce the slides in the bowl one by one and leave to soak overnight.

Rinsing in water
Rinse each slide with tapwater and then soak in clean water for 15 minutes.

Wiping and drying

Wipe the slides, one at a time, with a soft, non-fluffy cloth. Place them on a sheet of filter paper, one by one.
Leave to dry. Examine each slide. Reject slides that are stained, scratched or yellow and those that have dull
patches on them.

Wrapping up
Divide the slides into piles of 10 or 20 and wrap in small sheets of paper.

T Ty

Numbering

In some laboratories the slides in a series of 5
packets are numbered in advance from 1 to 100
with a diamond pencil (thus the packets contain
slides 1-20, 21-40, 41-60, 61-80 and 81-100
respectively).

. Dirty slides

. Slides soiled with immersion oil

Take the slides one by one and rub them with
newspaper to remove as much of the oil as
possible.

Slides with coverslips

Using the tip of a needle or forceps, detach the
coverslips and drop them into a beaker of water
{for cleaning of coverslips, see page 32).

Soaking in concentrated detergent solution

Prepare a bowl containing:

— cold or lukewarm water

— detergent (in the amount recommended by the manufacturer).
Leave to soak for 24 hours.

Detergents con taining enzymes are excellent for removing blood films.

Note: When stides have been used for infectsd sPecimens (urine, stools), they should be placed in a disinfectant solution.




4. Cleaning slides

Prepare another bow! containing a weak detergent solution {15ml of domestic detergent per litre of water).
Take the slides one by one out of the strong detergent solution.

Rub each one with cotton wool dipped in the strong solution, then drop it into the bowl of weak detergent.
Leave to soak for 1 or 2 hours in the bow! of weak detergent.

5. Rinsing slides

Take the slides out one by one, preferably using forceps. If you use your fingers, pick them up by the edges.
Rinse them separately under the tap, then soak them-for 30 minutes in a bow! of water. This is the best
method.

Quick method

Empty the bow! of weak detergent solution and fill with clean water. Change the water 3 times, shaking the
bow| vigorously each time.

6. Wiping, drying and wrapping up

Follow the instructions given above for new slides.

C. Coverslips
Coverslips can be recovered after use, cleaned and used again. For cleaning:

1. Soak in a weak detergent solution with added disinfectant made up in a large beaker as follows:
— 200ml of water
~ 3 ml of detergent
— 15ml of bleach or 5 ml of a quaternary ammonium disinfectant.

Leave to soak for 2-3 hours, shaking gently from time to time.

Rinse out the beaker with tap water 4 times, shaking gently.

Give a final rinse with demineralized water.

Drain the coverslips by tipping them out carefully on to a pad of gauze.

Dry in the hot air oven at 60 °C, if possible.

Keep them in a small Petri dish. When taking them out, use special coverslip forceps, if possible.

POPWN

IV. SYRINGES AND NEEDLES

As soon as a sample has been collected, remove the
plunger and rinse the barrel and plunger. Fili the barrel
and insert the plunger; force the water through the
needle. Finally remove the needle and rinse the hub
cavity.

1. Syringe with blocked piston
To loosen the piston, several methods may be used:

(a) Soak for 2 hours in hot water (about 70°C).

(b} Alternatively, pipette 50% acetic acid into
the nozzle of the syringe with a fine Pasteur
pipette, Stand the syringe on its end, piston
down. Leave for 10 minutes.

(c) Soak the syringe for several hours in a bowl
of 10-vol. hydrogen peroxide,

2. Rinsing and soaking needles

As soon as the needle has been used, rinse it while
it is still attached to the syringe and leave it to soak
in the same way as the syringe.

3. Blocked needles

Use a nylon thread dipped in 50% acetic acid.
Otherwise use a stylet.
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e 4, Sterilization

Sterilization means the freeing of any object or substance from all life of any kind. The equipment trcated then
becomes free from living micro-organisms.

in the medical laboratory materials are sterilized for 3 main purposes:

1. In preparation for taking specimens (needles, syringes, tubes, etc. must be sterile)

2. To disinfect contaminated materials '

3. To prepare the apparatus used for bacteriological cultures (Petri dishes, Pasteur pipettes, tubes, etc.).

Sterilization is achieved in e medical laboratory either by moist heat (autoclave, boiling) or by dry heat (hot air
oven, flaming).

I. THE AUTOCLAVE C s

Principle »

Water is heated in a closed container. This produces
saturated steam under pressure, with a temperature
of over 100 °C.

All types of organisms are killed when apparatus is
heated for 20 minutes at 120 °C in this steam under
pressure.

Components of the autoclave

1. Boiler

A large deep cylinder in which the apparatus to
be sterilized is placed.

2. Basket
A big wire basket that holds the materials to be
sterilized.

3. Basket support
A support in the bottom of the autoclave that
holds the basket above the water level.

4. Drainage tap
A tap fitted at the base of the boiler that drains
off excess water.

5. Lid
The lid covers and seals the boiler and is fitted with
a rubber washer.

6. Lidclamps
These clamps, together with the rubber washer,
seal the lid and prevent steam from escaping.

7. Airoutlet valve
A valve at the top of the boiler or gq‘the l&q used
to let air out when the water is first heated,

8. Safety valve-

A valve at the top of the boiler or on the lid that
lets steam escape if the pressure becomes too high
and so prevents an explosion.

9. Temperature gauge or pressufe gauge
A dial at the top of the boiler or on the lid that H-O
.shows the pressure, the temperature, or both.




" Graduations on the gauge

All gauges indicate the temiperature in degrees Celsius (°C); some also have a second set of figures indicating
the pressure.

Heating the autoclave

The heating system may be built into the instrument in the form of:
— electric elements or
— gas burners.

Otherwise, the autoclave is heated over:
— abutane gas burner or
— a paraffin oil (Primus) stove.

How to use the autoclave

1. Preparation of material for sterilization
Syringes -

These are placed in large glass tubes plugged with
non-absorbent cotton wool (the pistons and barrels

in separate tubes), or they are wrapped in gauze and
placed in metal trays.

Needles

Needles should preferably bs: slaced separately in
small test-tubes that are then plugged. Place a pad
of non-absorbent cotton wool at the bottom of each

_ tube to protact the tip of the needle.
Otherwise, arrange them in metal trays with the points
stuck into a folded gauze pad.

The metal trays are placed uncovered in the autoclave.

Glassware

Specimen tubes, Petri dishes, etc. Wrap in brown paper
and tie with string.

Pasteur pipettes
These are placed in large tubes which are then plugged.

Alternatively they may be wrzpped in several layers of
brown paper.

[on
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2. Sterilization procedure

{a) Fill the bottom of the autociave with water {up to the basket support).

Make sure that the water does not touch the basket. |f necessary, drain off excess water by 0oening the
drainage tap.

{b) Put the basket containing the material to be sterilized in the autoclave.
(Sterilization indicators can be added, i.e., indicator papers that turn black when the right temperature is
reached.)

{c) Close thz lid, making sure that the rubber washer is in its groove. Screw down the lid clamps evenly and firmly
but not too tightly.

{d) Open the air outlet valve.
{e) Begin heating the autoclave.

{(f) Watch the air outlet valve until a jet of steam appears. Wait 3 or 4 minutes until the jet of steam is unifcrm and
continuous. This shows that all the air has been driven out of the autociave.

(g) Then close the air outlet vaive. Tighten the lid clamps and reduce the heat slightly.

{h} Watch the gauge. When the desired temperature is reached (i.e., 120 °C), the heat must be regulated to maintain
it. Reduce the heat until the needle on the dial remains at the temperature selected.

(i) Start timing at this point:
— Materiais for collecting specimens {syringes, needles, tubes):
20 minutes at 120 °C. .

— Containers of infected materiz. {sputum pot, tubes of pus):
30 minutes at 120 °C.

— Bacteriological culture media:
follow the instructions of the bacterioiogist or the chief laboratory technician.

3. Turning off the heat
{a) Turn off the heat as soon as the required time is up.

{b) When the temperature falls below 100 °C, open the air outlet valve to equalize the pressures inside and outside
the autoclave. -

{c) When the hissjng sound stops, unscrew the lid clamps. Take off the lid. Leave to cool, then carefully remove
basket of sterile equipment. If drops of water have formed, dry in the incubator at 37 °C, if possible.

Some things not to do

- Never touch the drainage tap or outlet valve while heating under pressure.
Never touch the safety valve while heating under pressure. )
Never heat too quickly to bring up the pressure, once the outlet valve is closed.
Never leave the autoclave unattended while the pressure is rising. . )
Never leave the autoclave to cool for too long. If it is left for several hours without the outflow valve being
opened, a vacuum forms and the sterilized material may break.

el
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1!. USING A PRESSURE COOKER

Pressure cookers are large saucepans designed to cook food very quickly, using steam under pressure. They are
used in some small laboratories to sterilize specimen collection equipment.

Model with revolving vaive

1. Fill the bottom of the cooker with water. Place
the material to be sterilized in the basket held
above the water level by a support. The wrapped
afllrtit):les should be placed upright (never lay them

at).

2. Fit on the lid. Screw it down with its knob.
Place the revolving valve (V1) on its shaft in
the lid. A

3. Start heating on the stove. The valve soon begins
to turn, letting a jet of steam escape.

4. Wait until the jet of steam is continuous, then
lower the heat so that the valve keeps turning
slowly. Leave on moderate heat for 20 minutes.

5. Turn off the heat. Leave to cool (or cool under
the tap). Pull off the revolving valve so that air
can enter. Remove the lid. Take out the
sterilized material and leave to dry.

6. Never touch the safety valve {V2}, which.is fixed
' to the lid. :

Model with fixed valve

Put the water and material to be sterilized in the cooker as described above.

Open the valve in the lid: Start heating. )

As soon as a continuous jet of steam escapes from the valve, close the valve.

Wait until the valve begins to whistle. When it does, reduce the heat. Leave on moderate heat for 20 minutes.
Turn off the heat. Leave to cool (or cool under the tap).

Open the valve so that air can enter. Remove the sterilized material, etc.

Never touch the safety valve.
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111, STERILIZATION BY BOILING

This method should be used only where there is no
alternative. Use a special boiling pan or, if not availabie,
a saucepan. Fill with water (preferably demineralized
water). Heat over the stove,

Glassware (syringes) should be put in while the water

is still cold. .

Metal articles (needles, forceps) should be put in when
the water is boiling.

Leave articles used for collecting specimens {needlies,
syringes) to boil for 20 minutes.

v. STERILlZATlON BY HOT AIR OVEN

This method of sterilizing by dry heat can be used
only for glass or metal articles {syringes, needles,
pipettes, etc).

1. Prepare the material to be sterilized in the same
way as for the autoclave method. Cotton wool
plugs should not be too thick, so that the air can
penetrate. Raise the lids of the metal boxes
slightly and arrange them so that they face the
back of the oven.

2. Set the thermostat at 175 °C and switch on the
~oven. |f there is a fan, check that it is working.

3. Watch the thermometer. When the temperature
reaches 175 °C, continue heating for a further
60 minutes. |f the material is heavy or bulky or
if there are powders, oils, petroleum jelly, etc.,
heat at 175 °C for 2 hours.

4. Switch off the heat. Wait until the temperature
falls to 40 °C. Open the oven door. Close the lids
of the metal boxes. Remove the sterile material.
The wrapping paper used should have turned
brown. If white wrapping paper turns pale yellow,
the oven is not hot enough; if it is blackened, the
oven is too hot.
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V. STERILIZATION BY FLAMING

This is a method that should be used only for metal
articles such as forceps and scalpels. It is not
suitable for general use.

1. Place the articles in 2 inetal tray.

2. Add about 10 drops of ethanol and ignite.

3. Tilt the tray one way, then the other, during
flaming.

Bacteriological loops, vaceinating needles, or lancets
for taking capillary blood samples shruld be heated

in the flame of a gas burner or spirit lamp until they
are red hot.
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5. Disposal of Specimens and
Infected Material

Important The specimens examined in the laboratory (stools, pus, sputum, urine, etc. ) are often infectious. After
examination they must be destroyed in such a way that all risk of infection is avoided.

The specnmens may be disposed of:
-- in cardboard cartons or plastic pots that can be destroyed (stools, sputum)
— inglass jars and bottles that can be cleaned, sterilized and used again.

All disposable containers are used once only,

DISPOSABLE BOXES CONTAINING STOOLS
OR SPUTUM

These may be burned (incinerated) or buried in the
ground.

Incineration is the easier and more effective method.

A. Incineration
Making an incinerator
1. Use an old metal drum.

2. Fix a strong metal grating (g) firmly about 1/3
of the way up the drum.

3. Cut a wide opening or vent {v) below the Ievel
of the grating.

4, Find a removable lid {l) for the drum.

How to incinerate

1. At the end of each morning’s and afternoon’s work,
place all used stool and sputum boxes on the grating
of the incinerator.

2. Always keep the metal drum tightly closed {both
lid and vent) except during incineration.

3. Incinerate once a week, or more often if necessary.
Fill the bottom of the drum with paper, sticks,
wood shavings, etc.

4. Rernove the lid. Light the.fire and keep it burning
until all the infected material has been reduced to
ashes,

8. The ash produced is not dangerous and can be
thrown on the refuse heap.




B. BURIAL

{a) Dig a pit 4-5 metres deep and 1-2 metres wide.

(b) Make a lid that fits tightly over the pit. It is
advisable to strengthen the upper rim of the pit
by lining it with bricks or stones.

{c) Throw stool or sputum boxes and other infected
material into the pit twice a day. Replace the
lid immediately.

(d) Once a week, cover the refuse with a layer {about
10cm thick) of dried leaves.

(e) If possible, instead of using dry leaves add a layer
of quicklime once a week.

AV’ 77 = 1
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STERILIZATION AND CLEANING OF NON-DISPOSABLE CONTAINERS

This is a more difficult procedure {so, where possible, use disposable container;).

The jars and bottles may contain:
— very infectious material {stools, sputum, pus, CSF)
— other specimens (blood, urine).

A. Stool containers

Fill the jars containing stools with a 5% solution of phenol or a similar disinfectant. Leave for 24 hours. Empty
into the lavatory. If the lavatory is connected to a septic tank, pheno! or other anciseptic should not be added to

the stools. Clean the jars with detergent and water, as described on page 29.

8. Sputum pots and tubes of pus and CSF
*Thete are several possible methods.

Using an autoclave .

This is the best method.

1. Place the jars as they are in the autoclave and sterilize for 30 minutes at 120°C to destroy all organisms.
2. After they have cooled, empty the contents into the sink or the lavatory.

2. Clean with water and detergent.

1



Boiling in detergent

Keep a large pan especially for this purpose.

Boil sputum pots:

— for 30 minutes

— in water containing washing powder in a strong
solution (or, even better, sodium carbonate crystals),
60 ml per litre of water.

Using formaldehyde solution (reagent No. 26} or phenol

Pour into each sputum pot:
— 10 ml of undiluted formaldehyde solution, or
— 5ml of 5% phenol.

Leave for 24 hours.

C. Urina bottles

Empty the bottles into the lavatory.

Fili them with:

— a 10% solution of commercial bleach, or
— a 2% solution of phenol.

Leave for 24 hours.

D. Tubes of blood

" Tubes of fresh blood collected the same day should be:
— rinsed in cold water
— left to soak in a detergent solution (see page 29).

.Tubes of “o/d”’ blood kept for several days at room
temperature where organisms may multiply in them
should be:

— filled with a 10% solution of commercial bleach
— left for 12 hours and then rinsed and cleaned.




6. Measurement of Volume

nuciolitre millilitre or . litre

cubic centimetre
Abbreviation ul, mm?*("c mm"} ml, cm? 1
= 1/1000 ml = 1/1000litre = 1000 millilitres (ml)

Tho unit used most often in the laboratory is the millilitre (ml).

The following apparatus is used for measuring volume
in th ‘aboratory:

Measuring cylinuers

Pipettes /
Volumetric flasks
Burettes i

; 3 4 5 6

Graduated dropping pipettes

oo s wh =

Graduated conical testing glasses

1. MEASURING CYLINDERS

Various volumes can be measured with these, but
without great accuracy.

Use a measuring cylinder with a capacity close to

the volume required. For example:

—  to measure 45 ml, use a 50-ml measuring cylinder

— to measure 180ml, use a 200-m| measuring cylinder

— to measure 850ml, use a 1000-ml measuring
cylinder.
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Reading the | wel

A concave meniscus (M) forms at the surface of water
{and most other liquids) in narrow glass tubes.

The reading should be made at the graduation mark
(G) corresponding to the lower part of the meniscus.

To avoid errors in reading, stand the cylinder on a
bench and adjust your eye level to the surface of the
liquid.




2. PIPETTES
(a) Graduated pipettes

The following graduation marks are marked at the
top of the pipette:

— the total volume that can be measured

— the volume between 2 graduation marks.

[0 S

[
E

A
|(ﬂ|l\ll'l

-

There are several types of graduated pipette:
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1. A pipette with graduations to the tip (A). A :
The total volume that can be measured is £
contained between the 0 mark and the tip. -2 E—-s

2. A pipette with graduations not extending to E“’

("]

the tip (B).

The total volume is contained between the
0 mark and the last mark before the tip
(this type is recommended for quantitative
chemical tests).
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Various volumes can be measured using graduated
pipettes. For example:

—  a 10-ml pipette can be used to measure 8.5ml|
— a 5-ml pipette can be used to measure 3.2mi
— a 1-ml pipette can be used to measure 0.6 ml.

=T
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(b) Volumetric pipettes

These are intended to measure a precise volume
with a high degree of accuracy (A and B). B are
considerably cheaper than A, yet are quite precise
enough for clinical analyses. -

There are two other types:

intended to be filled to the mark. After discharge
of the contents, the pipette is allowed to drain
for 15-45 seconds (according tc size, marked on
bulb) and the last drop is expressed against the
side of the recipient container. It should not be
blown out.

2. A pipette with 2 graduation marks. In skilled
hands this may be more accurate, but it is less
reliable for the less expert because it is easy to
overrun the lower graduation when discharging.

1. A pipette with a single graduation mark, which is 5""?

e ST




To pipette dangerous fluids
1. Use a pipette with a safety bulb (S) near the
mouth opening

2. Plug the pipette with cotton wool {non-absorbent)
(C) or :

3. Aspirate the solution with a rubber bulb pipette
filler {this is far the best method).

How to hold the pipette

Hold the pipette in a vertical position to check that the
liquid reaches the desired graduation mark (G). The
mark should be level with the bottom of the meniscus
formed by the liquid.

The tip (T) of the pipette shouid be held against the
side of the receptacle.

.~

3. VOLUMETRIC FLASKS

These are graduated to measure a certain volume when
filled to the graduation mark.

They have various capacities:
— 2000 and 1000 ml
500 ml
250 and 200 ml
100 ml
50and 25ml.

Volumetric flasks are more accurate than measuring
cylinders. They should be used for the preparation
of reagents.

For example: 1 litre of sodium chloride solution
(reagent No. 45) is prepared by washing 8.5 g sodium
chloridn, dissolved in water in a beaker, into a 1000 m!
flask through a funnel and diluting (while mixing) to
the 1000 mi mark. '
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Alternatively, the substance(s) can be dissolved in a
small container and the solution poured into the flask
along a glass rod.

Rinse,;he container several times, pouring the liquid
into,the flask along the glass rod each time. Fill to
the“graduation mark.

(This method is recommended for the preparation of
titrated chemical reagents.)

Temperature of the liquid

The temperature at which liquids should be measured
is etched on the flask {after the capacity figure).

For example:
— 200ml: 20°C. -
Liquids expand with heat and contract when cold. 200m!

Never measure hot liquids, or cold liquids just taken
from the refrigerator.

Stoppers

Volumetric flasks should have plastic (preferably) or
ground glass stoppers. Be careful not to lose them, so
tie them to the neck of the flask with a piece of thread.

Cost

Volumetric flasks are very expensive, so use them with
great care.




4. BURETTES

These are graduated glass tubes with a glass stopcock
at the lower end. Burettes are filled from the top with
the liquid to be measured. They are of 10ml, 20 ml,
25 ml and 50 ml capacity.

Stopcock and tap (A)

The stopcock and tap should be kept well greased.

To grease a clean stopcock properly, apply the tiniest
smear of petroleum jelly with a finger tip down the
two sides of the stopcock away from the capillary
bore. Then insert the stopcock in the burette and
rotate it until a smooth covering of the whole stopcock
is obtained. Keep the top plugged or covered (B).

5. CALIBRATED DROPPING PIPETTES

Ordinary calibrated dropping pipettes often deliver
20 drops per ml of distilled water, thus 1 drop =
0.05ml.

Hold the dropping pipette absolutely vertical to
measure the drops. Check that drops do not contain
any air bubbles.

Calibration of dropping pipettes

Using a volumetric pipette, measure 1 ml of water into
a small tube.

Draw the water into the dropping pipette to be
calibrated.

Count the number of drops delivered from the mi of
water.

Repeat the procedure 3 times to check the accuracy.

—




6. GRADUATED CONICAL TESTING GLASSES

These are not very accurate. Avoid using them for
laboratory tests.

ACCURATE LESS ACCURATE INACCURATE
Pipettes Measuring cylinders Conical testing
Volumetric flasks Calibrated dropping pipettes glasses

SOME THINGS NOT TO DO

1. Never measure the volume of hot liquids (they will have expanded).
2. Never heat graduated glassware in a flame.

3. Never leave graduated glassware to soak in an alkaline solution (sodium hydroxide, potassium, ammonia).
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UNITS OF WEIGHT
.milligram centigram decigram gram kiogram
Abbreviation ‘mg (107%g) cg (1072g) dg (107 g) g kg (10%g)
1?::L|:spdnding 1_;.0_0 . 1(1)mg 1(1)0mg 10100 mg 1000g
| | 0° 10° 7000 *9
Sensitivity of a balance

This corresponds to the smallest mass that makes the pointer move over one division on the scale. For example:
if the sensitivity of a balance is 1 mg, this means that a mass of at least 1 mg is needed to move the pointer. -

For routine laboratory purposes, the sensitivity of a balance can be considered to be the smallest mass that it will
measure accurately.

1. OPEN TWO-PAN BALANCE
Tt{is has2 psn; supported by shafts. It may be designed

“‘for use with separate weights, as illustrated, or incorporate
“~ a graduated arm with a sliding weight (‘'Harvard trip

" balance’’). It is used to weigh large amounts {up to several
- kilograms) when a high degree of accuracy is not required,

. €.9.2259;389,859,3809.

- Sensitivity: 0.5 (500mg).
. 1f the pans are made of easily scratched or corroded

- material; protect them with rings cut out of strong.plastic

~ orold X-ray films of equal weight. |

99

- use with open two-pan balance.
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2. ANALYTICAL BALANCE

This balance has 2 pans suspended from a cross-beam
inside a glass case. ; ] .

Lise the balance:

— to weigh small quantities (up to 20 or 200g,
depending on the model)

~ when great accuracy-is required: e.g. 3.85g,
0.220g, 6.740g. s

Sensitivity: 0.5 mg - 0.1 mg, depending on the model.

Components of the balance

CB = cross-beam. This is the structure from which
the pans are suspended.

KE = knife edges (KE1, KE2, KE3). These support
the beam at the fulcrum during the weighing
and give sensitivity to the balance. Those on
the beam support the suspended pans.

S = stirrups (S1, §2)
Pt = pointer
P = pans
B = beam release screw (or pan arrester control).

Arrests the pan so that the sudden addition
of weights or chemicals will not injure the
delicate knife edges. ,

AS = adjusting screws {AS1, AS2). Used only for

initial adjustment of the unloaded balance to
a reading of zero.

Sot of weights for use with analytical balance.

Single pieces: 1,2, 5, 10, 20, 50, 100, 200 and 500g.
_ Single fractional pieces: 2, 5, 10, 20, 50, 100, 200

and 500mg. -




Instructions for use

1. The cross-beam must always be at rest (beam release screw tightened) before the weights and the substance -
to be weighed are placed on the pans.

g

The cross-beam must always be put back at rest before the weights and the substance weighed are removed
from the pans.

Always place the substance to be weighed on a piece of paper folded in 4, or in a watch glass or porcelain dish.
Always use forceps to pick up the weights. o
Check that the pans are balanced by unscrewing the beam release screw, after closing the glass case.

ook w

Use adjusting screws AS1 and AS2 to obtain a perfect balance when compensating for the wzight of the
receptacle in which the substance will be weighed.

— When the screw is turned away from the central support the weight is increased

— When it is turned towards the central support the weight is decreased.

3. DISPENSARY BALANCE

This balance also has 2 suspended pans, but it has no
glass case and no rests.

Sensitivity: 5-10 mg.

The dispensary balance is more accurate than the open
two-pan balance, but weighs only up to 504g. (After
using the dispensary balance, put it away in a closed
cupboard.) ‘

4. WEIGHING PROCEDURE

(a) Place the bottle containing the substance to be’
weighed to the left of the balance.

(b) Place on the left-hand pan the receptacle (folded
paper or dish) in which the substance will be
weighed.

{c) Place on the right-hand pan the weights equivalent
to the weight of the receptacle plus the amount
of the substance to be weighed.

(d) To measure out the substance to be weighed:

— hold the bottle tilted in your left hand
(label upwards)

— tap the neck of the bottle gently with your
right hand so that the powder or crystals
to be weighed fall little by little

— use a clean spatula when weighing small
amounts of substances.

<n
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(e) Assoon as the substance has been weighed, move
the bottle to the right hand side of the balance.
Thus place:

~ the weighed substances on the right
— the unweighed substances on the left.

This avoids confusion.

(f) Read the label 3 times:

— before taking the bottle off the shelf

— while weighing the substance (label facing
upwards) '

— after weighing, when you move the bottle
to the right of the balance.
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8. Centrifuges

Centrifugal force

A body is rotated in a circular movement (CM) at speed.

This creates a force that drives the body away from the
centre of the circular movement: centrifugal force (g).

You should a/ways follow the manufacturer’s instruc-

tions in centrifuging, but it is possible to calculate the
revolutions per minute (r/min) from g for an individual 1
centrifuge. Measure the radius (r) of the rotor arm and

use the formula:

g = r 7 ir/min)2 X 118 X 1077

For example, if the radius is 26cm, 500g is about
1300 r/min.

Centrifuges consist of

— a central shaft or spindle (A) which rotates at
high speed

— ahead (E), fixed to the shaft, with buckets for
holding the centrifuge tubes

— tubes {T) containing the liquid to be centrifuged,
which are fixed to the head.

en the spindle rotates the tubes are subjected to \ \_/

centrifugal force. They swing out to the horizontal
and the particles in suspension in the liquids in the
tubes are thrown to the bottom of the tubes.
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The particles are compacted at the bottom of the
centrifuge tubes, forming the centrifuge deposit.

The deposit can be separated from the supernatant Sy 4! ,
fluid and examined. It may contain: <. { . .-
— blood ceils

— parasite eggs (in diluted stools) \__/

— cells from the urinary tract {in urine)
etc.

DIFFERENT TYPES OF CENTRIFUGE

A. Hand centrifuge

This is operated manually by turning a handle.
It takes 2 or 4 tubes.

Uses
1. To examine urinary deposits

2. To concentrate certain parasites in stools.

The speed is insufficient for satisfactory separation .
of red cells from plasma in blood.

Important:

Clamp the hand centrifuge firmly on a stable support (edge of a table).

Balance the 2 diametrically opposite tubes perfectly as indicated in instructions for use, page 54.

Keep your distance while centrifuging.

To stop the centrifuge, do not slow down the turning of the handle. Pull the handle out of the machine with
a sharp movement.

Remove the tubes slowly and carefully (so as not to disturb the deposit).

Lubricate the spindle of the centrifuge regularly. -

on HwN-

Warning: The hand centrifuge can cause serious injury, so follow the instructions above carefully.

B. Electric centrifuges

In certain areas battery-operated centrifuges may
be used.

Centrifuges are used with two types of head:
1. “Swing out” head

The head is designed to swing the tubes out to a
horizontal pesitior during centrifuging. This is
the type mvest irequantly needed.
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2. “Angle’ head ,

* This holds the tubes at an angle of about 45°
during centrifuging. It is useful for certain
techniques, e.g. agglutination tests in blood group-
ing by the test-tube method. It is not essential,
however, £or any of the techniques described in
this manual.

Accessories for electric centrifuges
Buckets (tube holders)

There are several types, depending on the miodel:

(a) buckets designed to hold one round-bottemed
or conical tube only

(b) buckets that hold 2 round-bottomed or conical

tubes
(c) buckets that hold 9 small (precipitin) tubes etc.

Some models are fitted with:

‘— a timer (T) that stops the centrifuge automatically
when the time is up (e.g. after 5 or 10 minutes)

— arevolution counter (RC), i.e., a dial with a needle
that indicates the speed of the machine during
centrifuging (this is useful for some methods of
concentration of parasites).

INSTRUCTIONS FOR USE
1. Balancing the buckets
if the tubes are numbered, place them as follows:

— tube 1 opposite tube 2
— tube 3 opposiwe tube 4.

-

Balance the tubes that are opposite each other by
weighing them in their buckets on the open two-
pan balance. To baiance: ‘

- either.add more of the liquid to be centrifuged
7 to the lighter tube 7

— or add water to the bucket containing the

- lighter tube (using'a wash bottle).

If only.one tube of liquid is to be centrifuged, )

__balance it with an identical tube filled with water.




2. Preventing breakage of tubes

Always pad the bottom of the buckets with the
rubber cushions provided with the machine. This
protects the bottom of the centrifuge tubes.

Using a wash bottle, add a little water between
each tube and its bucket.

3. Starting and stopping the centrifuge
(a) Start the motor and gradually increase the speed, turning the knob slowly until the desired speed is reached.
(b) Stop the centrifuge gradually (some models have a brake that can be applied).
(c) Remove the tubes slowly and carefully.
{(d) Never open the centrifuge until it has come to a complete stop.
(e) Never try to slow it down with your hand.

i

4. Cleaning and lubrication
Keep the bowl| of the centrifuge very clean. Rinse the buchets after use. Remove any spots of blood, etc.
Lubrication should be carried out by a specialist, according to the manufacturer’s instructions.

Important: If you fall into the habit of centrifuging without balancing the tubes beforehand, the
centrifuge will soon break cown.




S. Water for Laboratory Use

The medical laboratory needs an adequate water supply for its work. It requires:
1. Clean water

2. Distilled water

3. Demineralized water (if possible)

4. Buffered water (if possible).

in some areas water is scarce and highly contaminated. How can clears water be obtained?

CLEAN WATER

A. Quality control

Fill a bottle with water.

2. Let it stand for 3 hours.

3. Examine the bottom of the bottle. If there isa
deposit, the water neers to be filtered.

-

w

. Filtering

1. Using a porous unglazed porcelain or sin tered
glass filter (Chamberland type or other)

(a) This can be attached to a tap.

(b) Alternatively, it can be kept immersed in a
container of the water to be filtered.

Important: Filters of this type must be dismantied
once a month and washed in boiling filtercd water.

2. Using a sand filter

This can be made in the laboratory. You will need:
(a) A filter reservoir (a large container such as
a metal drum, a big earthenware potora
perforated bucket)
(b) Sand
{c) Gravel.




C. Storage of water

If water is scarce or comes from a tank or well, always
keep a large supply in reserve, preferably in glass or
plastic containers.

Decant water that has been stored before filtering it.

D. Water supply

If there is no running water in the laboratory, set up

a distributor as follows:

1. Place the container of water on a high shelf.

2. Attach a rubber tubing to the container so that
the water can flow down.

3. Clamp the rubber tubing with a Mohr clip or a small
screw clamp.

DISTILLED WATER

A. Preparation

This is prepared using a still, in which:

— ordinary water is heated to boiling point

— the steam produced is cooled as it passes through
a cooling tube and condenses to form distilled
water,

The following types of apparatus are available:
1. Copper stills (alembics)
2. Glass stills.

They are heated by gas, kerosene or electricity,
depending on the type of still.

1. Copper or stainless steel alembics

One of the simplest models is the alembic supplied
by UNICEF (ref: 01.680.02).
{a) Fill the reservoir with the water to be distillad.
{b) Connect the cold water tube to a tap.
{c) Heat the reservoir with:

— a Bunsen burner, or

— a kerosene heater (Primus type).

The still can produce 1 or 2 litres of distilled water
per hour, depending on the efficiency of the
heating system.
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2. Glass stills -

These are more f;agﬂe',/b;t almost always produce
purer water. The distillation method is the same.
Make sure that the running water circulates freely
round the condenser {C). The water can be heated
in the flask by an electric element (E).

Important:

{a) Collect the distilled water in a glass or plastic
container that is protected from the atmosphere.
{b) Do not distii the last 1/4 of the water heated.

B. Quality control of distilled water

Use a 179/l {17 g in 1 litre of solution) (1.7%) agueous
solution o silver nitrate {AgN Q) {reagent No. 43).

Put in a beaker:

— 10 ml of distilled water

— 2 drops of nitric acid

— 1 ml of the silver nitrais solution

The water should remain perfectly clear.

I a stight whitish turbidity appears, the quality of the
distilled water is poor.

The pH of distilled water is normally between 5.0 and
6.5 {i.e., it is acid).

C. Uses for distilled water

1. ‘For the preparation of reagents
2. Asa lastrinse for some glassware before drying.

Important:

1. Do not use commercial distilled water (the type sold for filling car batteries) for the preparation of laboratory
reagents.

2. Freshly prepared distilled water is preferable; if this is not possible store the distilled water in glass or plastic
containers, which should be washed periodicaily.

3. Always use distilled water prepared the same week.




DEMINERALIZED WATER

Principle
Demineralized water is prepared by passing ordinary
water through a column of jon-exchange resins.

The apparatus consists of a long cartridge filled with
ion-exchange resin granules.

The water filters through the column of granules, which
retain all the mineral ions (i.e., all the dissolved mineral

salts). This water free from ions is called demineralized

water.

A. Preparation

Check that the cartridge is completely filled with

ion-exchange resin granules. Some demineralizers

have 2 cartridges through which th2 water passes

successiveiy.

2. Connect the inlet tube of the apparatus to the
water supply (a tap or a small tank placed above).
In some models the water flows in at the top of the
column, in others at the bottom.

3. Let the water flow in slowly.

4. Collect the demineralized water in a closed

container.

-
.

B. Quality control of demineralized water
1. Apparatus with a control dial

This measures the conductivity of the water. The
more complete the demineralization, the lower the
electrical conductivity of the water.

{(a) Check that the control system is fitted with a
battery in good working order.

(b) To check that the battery is charged, press the
button marked "“zero test’’. The needle on
the dial should swing to zero.

(c) Let water flow into the cartridge.

{d) When demineralized water begins to flow out
at the other end, press the button marked
water test”’. The needle should register a
resistivity of over 2 megaohms/cm (2 MQ/cm).

(e) If the needle stops at a point below 2 or stays
at zero, the cartridge of iori-exchange resins
has been used for too long and must be replaced
or reactivated. ’

The apparatus may be graduated in resistivity
(MQ/cm) or in conductance (siemens, S). Most
modern instruments manufactured in Europe use
siemens.




2. Apparatus without control dial

Using an indicator paper, determine:

— the pH of the ordinary water fed into the
apparatus
the pH of the demineralized water that flows
out at the other end.

If the pH remains the same (usually below 6.5),

the resin is no longer active. Good-quality .
demineralized water should have a pH between/
6.6 and 7.0. :

An additional check can be made using a 17 g/|
(1.7%) solution of silver nitrate (AgNO; ) (reagent
0. 43). Pass a weak solution of sodium chloride

{cooking salt) through the resin, then carry out
the test described above for the quality control of
distilled water. If a slight whitish cloudiness
appears the resin must be replaced.

%. Change of colour in resin

Some resins change colour (e.g., they may turn
black) when they are exhausted and need to be
replaced. Consult the instructions for use supplied
by the manufacturer.

4. Replacement or reactivation of jon-exchange resins

This can be done in one of the following ways,

depending on the model:

(a) The cartridge is replaced by another filled with
resins and ready for-use.

{b) The column of the apparatus is refilled with
resin or a mixture of Z resins.

(c) The exhausted resin can be reused following
reactivation, i.e., by passing a solution of
ammonia through the apparatus.

Follow the instructions for use supplied by the
manufacturer.

C. Uses for demineralized water

Demineralized water is slightly less pure than distilled water, for it may still contain traces of organic matter. It
is, however, pure enough for:

— rinsing glassware before drying '

—_ preparing almost all the reagents used in medical laboratories, including stains.

~‘i§i'stirllerd water can be saved by preparing demineralized water in the laboratory (especially for rinsir~ ~;assware).




' BUFFERED WATER

Distilled water |s usually acid and demineralized water becomes acid on exposure to the air. For a number of
laboratory procedures (preparation of stains, etc.) the pH of the water has to be around 7.0 {neutral water) and
kept neutral. This is achieved, if possible, by dissolving buffer salts in the water {buffered water).

A. Materials

{a) 10ml and 1000 mi measuring cylinders

{b) 1000 m| volumetric flask

{(c) Lovibond type comparator (UNICEF ref. No.
931200), if available. Otherwise, pH indicator
papers, narrow range.

(d} Distilled {or demineralized) water

{e) Bromothymol blue indicator

(f) Disodium hydrogen phosphate {Na,HPO,.2H,0),
hydrated :

(g) Potassium dihydrogen phosphate (KH,PO,),
anhydrous.

8. Method

1. Weigh out 3.76 g of disodium hydrogen phosphate
accurately. :

2. Transfer the chemical to a 1000 ml volumetric
flask through a funnel.

3. Rinse out the weighing container into the
volumetric flask several times with water. Rinse the
funnel into the flask. -

4. Weigh out accurately 2.1 g of potassium dihydrogen
phosphate.and proceed as in 2 and 3.

5. Add a little more water and mix the solution until
{ the chemicals are dissolved. . '
\6.  Complete to the 1-litre mark with water. :

7" Replace the flask stopper and mix the solution well.
8. Store the solution in a white giass reagent bottle

* . and keep in a refrigerator.(reagent No.12). .. -
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9. Pipette into a comparator tube:

— 10ml of the buffered water
— 6 drops of bromothymol blue.

Mix.

1HY.

10. Place this tube {containing buffered water and
indicator) in the comparator (tube 1).

Place beside it another tube containing water
alone {tube-2). Sy

ﬂ"/‘

“11. Compare the colour of tube 1 {seen through
window 1) with the colour of the disc seen through
window 2." " .- :

Turn the disc until both windows show the same
colour. '

Then read off the pH shown at the bottom right
hand corner.

12. p/ 7.0 to_7.2: the buffered water is satisfactory.
' pH below 7.0: the water is acid.

If the water is acid make a fresh solution, using

- distilled water that has been boiled for 10 minutes
in an uncovered round flask (this gets rid of the
carbon dioxide).

13. If the water is still acid after boiling:
—« add 5 drops of phenol red for every litre of
o water o0 :
— neutralize by adding a 2g/l (0.2%) solution
" of sodium carbonate, one drop at a time, until
“the water turns pink. L




14. pH above 7.2: the water is alkaline.
Add 5 drops of phenol red for every litre of water.

Neutralize by adding a 5 g/l {0.5%) solution of
acetic acid, one drop at a time, until the water
turns orange,

ACETIC
AcO 05-10
—

If no phosphate compounds are available:

— neutralize distilled or demineralized water directly,
as shown in steps 12-14 above.

If no Lovibond comparator is available:
— use pH indicator papers (see instructions for use
on page 309).

Note: The pH can also be corrected by adding small quantities of

the buffer salts:

— disodium hydrogen phosphate to increase the pH if the water
is acid (pH below 7.0}

- potassium dihydogen phosphate to reduce the pH if the water
is too alkaline {pH above 7.2).




10. Making Glass Equipment

Glass is produced by the fusion at a very high temperature of a mixture of sand and potassium (or sodium). This
forms a silicate (ordinary soda-lime glass). Sometimes boric acid is added to the ingredients to produce borosilicat
glass {Pyrex, etc.), which is less brittle and more resistant to heat. Certain pieces of equipment can be mad: in the
medical laboratory by heating ordinary glass. ;

A. MATERIALS

1. Hollow glass tubing:
— external diameter: 4-8 mm
— thickness of wall: 0.9-1.0 mm

++2. Glass rods:
— diameter: 4-8 mm

3. Glass cutter, diamond pencil or file
4, Cloth

5. Bunsen burner (or, better, a small gas or
petrol blow-lamp}.

B. MAKING A PASTEUR PIPETTE

1. Use glass tubing 4-6 mm in diameter.

Using the file, mark off the required lengths W
of tubing: :

— 15cm for small pipettes

— 18-25 cm for large pipettes.

Etch the mark right round the tube, forming a
circle.

2. Wrap the part to be broken in a cloth.
“Hold the tube with both hands, one thumb on
either side of the etched mark.
Snap by pressing with your thumbs.

7~
aj
.

3. Round off the end of each piece of tubing as :
follows: {
—  heat the end, holding the tube almost vertical
just above the blue flame of the burner
— keep turning slowly
—~ stop when the glass becomes red hot.
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4. Stand the tubes in a beaker or a can, heated ends %\\‘
up, and leave to cool.

5. Wash all the pieces of tubing prepared (following
the instructions given on page 30).

Rinse and dry.

6. Pulling the pipette is carried out as follows:

— heat the middle of the length of tubing
over the blue flame
— keep rotating until the glass becomes reddish.

At this moment the flame will turn yellow.

7. Remove the tubing from the flame, still rotating
continuously, and pull the 2 ends apart slowly,
keeping your hands perfectly level. The glass

-stretches.

Pull to the length required {10-20cm).

~—J

8. Leave to cool.

Cut off the drawn portion at the exact length
required.

Round off the sharp edges by holding them for
a few seconds in the flame.

Alternatively, separate and seal the two pipettes
by heating the pulled-out portion in the flame.




C. MAKING A STIRRING ROD

1. Use a solid glass rod about 5 mm in diameter.

Cut the rod into lengths of 15, 20 or 26cm .
according to requirements, using a file. The
cutting technique is the same as for glass tubing.

2. Round off the ends by rotating them over the blue
flame of the burner, until about 1.cm of the rod

is bright red,

3. Flatten the heated end against the (dry) tiled
working surface with a 500g or 1kg weight.

4. Heat the other end and press it gently down on
the tiled surface.

Glass rods can be used to decant liquids or to pour
them slowly.




D. BENDING GLASS TUBING

1. Heat the spot where the bend is to be made,
rotating the tubing over the flame until the glass
turns pale red and sags.

2. Bend slowly to make a right angle {follow the
corner of a tile).

Poor bends

(A) The glass was too hot.
(B) The glass was not hot enough.

E. MAKING A WASH BOTTLE

You need:

— around flask

~ two pieces of glass tubing
— acork or rubber stopper.

Pierce the stopper with a cork borer. Moisten the ends
of the tubing with a few drops of water (for cork) or
glycerol {for rubber) before inserting them in the
holes. Protect your hand with a cloth.

W
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11. Specimen Containers

Different types of containers are used for the collection of specimens such as stools, blood, urine and sputum
in the laboratory.

CONTAINERS FOR STOOLS

See pages 114 and 268.

A,
A,

BOTTLES AND TUBES FOR COLLECTING BLOOD SPECIMENS

Without anticoagulant

Use clean dry tubes of 5-20 ml capacity, depending on requirements.
Draw off the serum following clotting and centrifuging (see page 285).
If the serum is to be sent to another laboratory, sterilize tubes and bottles.

The best type of tube to use is one that can be centrifuged: this avoids excessive handling of the specimen.

B.
1.

With anticoagulant
Anticoagulants for haematological tests
(a) EDTA dipotassium salt solution

Put 0.5 ml of the solution (reagent No. 18)in
each of a series of 5 mi bottles {(or 0.2ml in

2 ml bottles). Leave the open bottles to dry at
room temperature or place them in an incubator
at 37°C if one is available. Use for:

— blood cell counts

— haemoglobin estimation

— blood grouping.




{b) Heparinized tubes

This anticoagulant is expensive and not very stable
in hot climates. Heparinized tubes are usually
obtained commercially or prepared by central
laboratories and are already marked to show the
level to which blood should be added.

(c) 3.8% trisodium citrate

Preparation: see reagent No. 54.

Used for the determination of the erythrocyte
sedimentation rate. .

Use 1 ml trisodium citrate solution per 4 ml of
blood {or 0.4 ml per 1.6 ml bicod).

. Important: Never carry out a blood cell count on
citrated blood.

2. Anticoagulant for biochemical tests

The usual choice is:
— sodium fluoride (NaF).

Use 10 mg of fluoride powder per 10 m| blood, or
2 mg per 2 ml blood.

Used for:

— blood glucose estimation

— blood urea estimation (certain techniques). -

Warning: Sodium fluoride is a poison.

3. Precautions to be taken when using anticoagulants

(a) Mix as soon as the blood is collected by inverting the bottle several times gently and evenly. Do not s/

(b} Use clean bottles. Dry before adding anticoagulant. Warning: Traces of detergent will dissolve the red
cells.

(c) Store bottles containing anticoagulants in a dry place. EDTA dipotassium salt solution and sodium flt
are stable at room temperature but trisodium citrate and heparin must be kept in the refrigerator.

(d) Employ the correct proportions. Use bottles and tubes with a graduation mark, or stick on a label so
its upper edge corresponds to the required amount of blood (2 ml, 5 ml, etc.).

111.BOTTLES FOR COLLECTING OTHER SPECIMENS

The most satisfactory procedure is for pstizats to pass urine specimens close to the laboratory.

Use clean dry wide-mouthed Erlenmeye: $iasks of 250 ml capacity or clean wide-mouthed bottles for direct
examination and routine biochemical tests (see page 305).

Collection of water.for bacteriological examination (see page 279).

Bottles for collecting cerebrospinal fluid (see page 350).




WV B0 S Ak JARE FOR COLLECTING SPUTUM
i uiﬁ%ﬁﬁs

Glass, sCrew-. 1 uiissable plastic jars with lids
can be used, of siall cartons.can be made in the
laboratory using cardboard and a stapler. These cartons
can be used once only for sputum collected in the
laboratory.

1. Cut out pieces of cardboard 18cm square and fold
them as shown in the diagram:
— first from corner to corner
— theninto 9 gquai squares.

2. Fold the diagonal creases in each corner square
inwards.

3. Fold 2 of the corners back against one sude and the
other 2 agamst the other side.

4. Staple the 2 folded corners on each side of the box,
which is now ready to receive the specimen.

5. Burn these cartons and plastsc 1ars after use, as
_described on page 39.
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12. Dispatch of Spacime:
to a Reference Laboratory

The peripheral laboratory sends specime s to reference laboratories or more specialized laboratories for

examinations that canno* be carried out locally. For example:

— serological examina.. .:s for trepcnems=*oses or typhoid; culture of stools for detection of the cholera vibr
histological examination of biopsy ma.. ial.

The following table shows, for each type of specimen and each examination:
— which container and preservative (where necessary) to use

— how much of the specimen to send

— how long the specimen will keep.

ERIC

Aruitoxt provided by Eic:

Type of Laboratory Container and Amount of Preserv
specimen examination preservative specimen time
SPUTUM Culture of 45-m| bottle with 25 mi 10 day
tubercle bacillus of 0.6% sol Jtion of
cetylpyridinium bromide
(see page 255)
Other organisms No preservative 2 hour
THROAT Culture of Tube of coagulated serum 24 hot
SWABS diphtheria bacillus (see page 273)
Cotton wool swab 4 hout
CSF Cuiture of Special bottle containing
meningococcus “Transgrow’’ medium (see
page 350) 4 days
or Stuart medium 24-4!
CSF in a sterile airtight
bottle sent in a vacuum
flask filled with water at
37°C 2mi 12 ho
Other organisms Sterile bottle 2ml 2 hou
Chemical tests Sterile bottle 2-4 ml 2 hou
{glucose, protein,
chloride, etc.)
URETHRAL Culture of See page 245
PUS gonococcus
Special bottle of 1 swab 4 day:
*Transgrow’’ medium of pus
or Stuart medium 1 swab 24 ho
of pus
OTHER PUS Bacteriological
culture 1 sterile tube 1ml 2 hou
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* For bilirubin, store the specimen away from the light.

larvae and cysts

solution {reagent No.26)

| Type of Laboratory Container and Amqunt ot rreservi
specimen examination preservative specimen time
2L.00D Blood cell counts EDTA dipotassium salt 5ml 12 hou
solution (reagent No. 18)
Blood grouping EDTA dipotassium salt 5ml 12 hou
solution or tube without
anticoagulant
Cross-matching Tube without 5mi 12 hou
anticoagulant
Prothrombin time 0.5 ml trisodium citrate 4.5ml Zhour
{Quick’s test) (state the anticoagulant
used on the label)
Thrombotest Commercial plastic 4.5m! 24 hot
tubes containing 0.5 m!
of 3.8% trisodium
citrate (reagent No. 54)
5 Mical Sterile tube without 10mi 3 days
8Xq:iation for anticoagulant
treponemes, Send serum or dried drops
salmonellae, etc. of blood as appPropriate
{see pages 285 and 287)
tngical Send successive specimens
e~. nation . of serum:
viral infections ‘nod taken at the
a2t of the disease
— biood taken after 2-4
weeks (to detect
increase in antibodies)
Tests for glucose 5mg sodium fluoride 5mi 2 hou
Other biochemical
tests:
bilirubin® Bottle without
cholesterol anticoagulant
serum iron lipids
proteins Send serum 10m! 48 he
liver function
uraemia
Enzyme estimations:
amylase
phosphatases Bottle without 5mi 2 hot
transaminases anticoagulant
Blood culture Special sterile flask 5ml 24 hc
containing 50 mi broth
raised as quickly as
possible to 37 "C after
adding the specimen
STOOLS All stocl cultures Cary-Blair transport 4 we
including cholera medium (reagent No.14)
vibrio
All stool cultures Buffered glycerol saline 2 we
except cholera (reagent No.10)
vibrio
Examination for 30-ml bottle containing About 5mi Keef
parasite eggs, 15 ml of 10% formaldehyde inde’
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Type ot LEDOTatTONYy Longamer anu AU e PR
specimen examination preservative specimen time
STOOLS Amoebae: vegetative 10-ml tube thiomersal, Keey
{cont.) forms iodine and formaldehyde inde
solution {reagent No.39)
or PVA (see pages 173
and 174)
URINE Biochemical tests: Clean dry bottle 2¢--50 ml 2 he
glucose, protein, (sealed) (depending
acetone, etc. on number
N of tests)
Urinary deposits Clean dry bottle 30ml 2hc
or bottle containing
8 drops 10% formaldehyde
solution (reagent No.26) 30ml 2ds
Schistosome eggs For concentration: 100m! Kee
2 ml commercial bleach inde
and 1 ml hydrochloric
acid
Bacteriological Sterile bottle 20mi 1 he
culture
Pregnancy test Sterile bottle 20ml 12-
{first urine {or
of day) refr
Hormone estimation Bottle containing preservative supplied by the biochemistry labora
with instructions regarding method of collection, amount needed ;
transport time
Urinary calculus Clean dry bottle Ket
ind
BIOPSY Histological See page 75
TISSUE examination for details
FROM AN
ORGAN The following fixatives
are used:
— formaldehyde saline
(reagent No.25)
— Zenker fixative
(reagent No. 61)
HAIR, Examination for Paper envelope or screw-capped bottle (do not At
NAILS, fungus use tubes with rubber stoppers or plugged with we
CUTANEOUS {mycosis) cotton wool) tirr
TISSUE
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PACKING.

~ Always observe the regulations in force in the country.

Double pack specimens,

Place the specimen in the bottle or tube and seal
hermetically (fixing the stopper with sticking-plaster).
Check that the bottle is labelled with the patient’s
name.

Place the sealed bottle in an aluminium tube with a
screw cap. Wedge it in the tube with absorbent cotton
wool.

Wrap the request form around the metal tube.

It should show:

— the patient’s NAME (written in capital letters)
first name, sex and age

— the nature of the specimen

— the examinations required (with the physician’s
diagnosis, where appropriate).

Place the metal tube in a strong cardboard 6r wooden
box for dispatch, Wedge it tightly with non-absorbent
cotton wool.

Mark on the label on the outside of the box:
URGENT FRAGILE

and if apprbpriate:

.INFECTIOUS MATERIAL
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Biopsy

To diagnose certain diseases of the organs, the physician removes a piece of tissue with forceps or a
The piece of tissue is called a biopsy specimen. it is examined under the microscope after a thin sec
cut and treated with a special stain.

Histology — pathology

The cells of tissue and organ biopsy specimens can be studied under the microscope. Microscopical
of the cells is called histopathology.

Pathology is the study of ¢h2 changes and deformities in the cells caused by various diseases. This t
examination can be most imnportant, particularly for the diagnosis of cancer.

The laboratory technician must be able to fix the biopsy specimen, to ensure that it is properly dis
arrives at the pathology laboratory in a good state of preservation.

A. FIXATION OF BIOPSY SPECIMENS

The piece of tissue isimmersed in a fixative fluid. This procedure should preserve the tissue in a st:
the living state as possible, by protecting it against bacterial action, autolysis, shrinkage, etc.

The most suitable type of specimen bottle used is a plastic-capped bottle with a wide mouth (pillb:
obtainable in 60 ml, 45ml, 30ml and 15 ml sizes.

Fixatives

The most simple to prepare are:

— Formaldehyde saline (reagent No. 25)

— Zenker fixative (reagent No. 61). Just before use, add 5 ml glacial acetic acid to every 100 ml «
solution. .

B. FIXATION TECHNIQUE

1. Amount of fixative

> The volume of fixative required s about 50 times
the volume of the biopsy tissue. Biopsy tissue is
normally 3-6 mm thick (if it is thicker, fixation
is difficult or impossible).

The area of the specimen, however, can vary and this
is what determines the amount of fixative to be used.

Amount of fixative:

— specimen 0.5x05cm: 6-10ml
specimen 0.5x 1 cm: 10-15ml
specimen 1 x 1 cm: 20-25ml e
specimen 2 x 1 c¢m: 30-40ml
specimen 2 x 2 cm: 90ml.




2. Preparation

AN
It is essential to act quickly on receipt of the biopsy
specimen. Never leave it until later.
First pour the fixative into the bottle.
Then pick up the biopsy specimen on a piece of
stiff paper (do not use forceps, which may damage
the tissue).
Drop the specimen into the bottle.

3. Labelling

Cut out a small rectangle {(about 3 x 1 cm} of stiff
paper. Using a /ead pencil, write on it the name of
the patient, the date of collection, etc. Place the
slip of paper in the bottle with the fixative.

4. Fixation time

This will vary according to the fixative used. With
the two fixatives mentioned above, 24 to 48 hours
may pass before the specimen is cut and stained,
but it can be left in the liquid for at least a week.
Fixed material should be dispatched to the
.pathology laboratory without delay, but a long
transit period will not result in the deterioration
of specimens.

5. Dispatch

Secure the cap or stopper of the bottle with
adhesive plaster.

Place the bottle in a metal tube or box, together
with the report form (name, date, disease suspected,
type of tissue sent, investigation requested}.

Then place the tube or box and reportin a small
wooden or cardboard box, pack well with non-
absorbent cotton wool and dispatch immediately.




C. HISTOLOGICAL EXAMINATION TECHNIQUE:
GENERAL OUTLINE

1. Fixation of specimen: described ori page 75

2. Embedding the tissue
After being treated with various substances to

dehydrate and clarify it, the piece of tissue is
embedded in a solid block of paraffin wax.

" 3. Cutting

The block in which the tissue is embedded is
sliced into sections thin enough to permit
examination undz« the microscope.

The instrument used to cut the sections is called
a “microtome’’ and is capable of cutting the very
thin sections needed.

The average thickness of the sections is 3—5 um
(micrometres). )

4. Staining

The sections are placed on slides and dried and
the paraffin wax is removed with a solvent {e.g.
xylene). Then the sections are dehydrated and
stained. There are various kinds of stain; the
pathologist makes his choice depending on the
nature of the specimen and the disease suspected.

5. Alternative procedure: frozen sections

For rapid diagnosis the tissue is treated with
a freezing microtome using liquid gas, which
freezes the fresh unfixed specimen and cuts
sections at the same time. This procedure is
used during surgiczl operations.

Dispatch of an organ or tumour
The same fixatives are used. Immerse the organ or tumour completely in a large bottle filled with fixative.




14. Registration of Specimens;
Laboratory Records and Monthly Reports

All specimens must be registered and given numbers when they arrive at the laboratory, and the results of all
investigations must be recorded. This will:

— avoid the risk of getting the specimens mixed up

— make it possible to look up aresult

— make the results available for the promotion of public health.

The laboratory should have:

— examination request forms that accompany the specimen

— aregister for recording details concerning the specimen and the results obtained
— monthly report forms.

A. NUMBERING THE SPECIMENS

Give each specimen a number as soon as it is received
Write this number immediately:

— on the request form

on the specimen container {use grease pencil)

on every test-tube used for the specimen

on every microscope slide used for the specimen.

(I

This will prevent any mistakes.

B. THE LABORATORY REGISTERS

The registers should be a series of notebooks with numbered pages and with strong hard covers. Each specimen
should be numbered and recorded in the register for that type if specimen.

The following series of registers are suggested:

Haernatology

Blood chemistry

Blood transfusicn

Blood donors

Parasitology

Urine analysis, CSF, pregnancy tests

Bacteriology, mycology, water analysis

Serology (if the samples are few incorporate in the bacteriology register, otherwise keep a separate book).

!

I I

.
The examples of these registers given on the following pabps should be modified according to requirements. |t
may be necessary, for instance, to have separate registers for urine analysis, CSF, and pregnancy tests.

-

It is both helpful and time-saving to have rubber stamps made for the more common tests and results. Examples:
For VDRL: NON-REACTIVE
For parasitology: NO.OF OVA OR PARASITES SEEN

For bacteriology: NO.OF LEUKOCYTES
NO.OF ERYTHROCYTES
NO. OF EPITHELIAL CELLS
_NO. AND TYPE OF ORGANISMS

Kz B :




LOGY REGISTER*

Patient | Sentby | Hb? Erythrocytes Mean ery. Leukocytes Malaria Other tests Resuits
{gh) Hb conc. sent
Vol. | Sed. No.conc. | Morphology | Retic. {gne No. conc. Type number fraction (date)
fract.| rate {x 10%/1) no. {x 10°/1)
{mm/h} fract? Neut. | Lymph.| Mono. | Eo. | Other
(x10°Y
MW...R| DrR. 1?7 | - 23 - Aniso ++ 124 - 42 048 | 035 0.13 0.04 Many P. falci- 1 Jan.
Poik + parum trophs
Poly ++
KA...5] OPD 58 | 0.21 | 52 - Aniso ++ n 276 8.7 032 | 7B 0.04 0.08 Maoderate nc. of 1 Jan.
Poik ++ P. falciparum
Hypo ++ trophs
Poly +
Ki ...A| Ward1 125 | ~ - - - - - - - - - -, 1 Jan.

tion of the column headings, see the relevant sections of the text, The use of abbreviations

ctice.

1 may also be reported in terms of substance conceatration: the column heading wouid then be “Hb{Fe} {mmol/l}”. In this case, the vaiues quoted in th

s are here reported in terms of number fractioa. They may also be reported in terms of number concentration, i.e. the number per litre. In this case the column heading would read *

{x 10°/1}" and the values would depend on the erythrocyte number concentrations {which are not reported in the examples given in the table).

ocyte huemoglobin concentration may also be reported in terms of substance toncentration: the column heading would then be “Mean ery. Hb{(Fe) conc. {mmal/l

have a value of 17.1,

HEMISTRY REGISTER
No. Patient Sent by Urea Glucose Other tests Restlts sent
{(mmol/) {mmol/l} {date)
1 KI ...A Ward 1 12.8 - 1 Jan,
2 MW...A Or G. - 53 1 Jan.
O

E
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in these headings is necessitated by limitations of space and is not to be taken as recommendation that they

e examples {no. 1and 2) would be 7.3 and 3.6,

}*. in this case, the example quoted

‘reticulocy te number



BLOOD TRANSFUSION REGISTER

Date Number Patient’s Sent by Patient’s blood group Group
name ABO

Anti- Anti- Anti- Anti- A B 0 Rhesus

A B AB D cells cells cells
1 January 1 CH ...P Ward 6 + - + + — + - A Pos
1 January 2 MW...A Ward 3 - + +. + + — - B Pos
1 January 3 Kl ...T Ward 2 - - - + + + - O Pos
1 January 4 sl ...P Ward 6 + + + + - - - AB Pos|

7/
URINE ANALYSIS REGISTER
Date Number Patient’s Sent by Relative pH Direct Examination
name density
1 January 1 MO...C DrR 1.008 7.0 Leuko 20—3C/HPF Few hyaline casts
1 January 2 LA ...B Med. Ward 2 1.012 6.8 Leuko 5—10/HPF Few epith. cells
CSF EXAMINATION (in urine analysis register or separate)
Date Number Patient’s Sent by Macroscopic Direct Microscopic Examination
name appearance
2 January 1 FE... W Dr G Cloudy Gram: many leukocytes
A few Gram-neg. intracellular diplococci

17 January 2 LE...E DrC Clear . -

Q

S5

O
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Group of Donor Amount Crossmatch Haemolysin test Signature
donor bottle cross- for GPO donors
number matched ' Auto Auto
Saline Albumin Saline Albumin
A Pos 5 540 ml - - - -
B Pbs 9 250 m| - - - -
O Pos 4 540mi - - - - -
_ _ _ _ Anti A — No haemolysis
O Pos 7 540mi Anti B — No haemolysis
Glucose Protein Bile Urobitinogen Ketones - Chemical Others (pregnancy Results
sugar pigments test for test, etc.) sent
' blood (date)
Neg Neg - - - - - 1 Jan.
+++ Neg - - + - Positive 1 Jan.
SN
Leukocytes Glucose Total Pandy test Ovth',ers Results
(x 10°1) {sugar) protein for globulin sent
mmol/l g/t (date)
30 15 0.45 + Neutrophils 0.94, iymphs 0.06 2 Jan.
4 33 0.25 Neg - 17 Jan.
(\.
S5

O
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BLOOD DONOR BOOK (small ruled exercise book)

Date Name of donor Blood Haemoglobin Donor
group (g/1) number
1 January DO... M A Pos 141 1
2 January LO...F A Pos 132 2
2 January FE ... W B Pos 129 3
4 January CH...A O Post 133 4
BACTERIOLOGY REGISTER
Date Number Patient’s Sent by Specimen Examination Results Results
name requested sent
{date)
1 January 1 AL ...J DrR Sputum Smear for TB No acid-fast bacilli 1 Jan.
1 January 2 RE ... A Med. Ward 2 Pus from Gram stain Many leukocytes, few | 1 Jan.
wound eryth., few epithelial
cells, mod. no. Gram-
neg. rods
1 January 3 TO ...L oPD Urethral Gram stain Mod. no. intraceliular | 1 Jan.
DrM pus Gram-neg. diplococci
seen; G.C.—positive
2 January 4 Well on Sanitarian Water Bacteriol. Sent to Regional 2 Jan.
3rd Street RB Public Health
Laboratory
2 Jenuary 5 AM .. . C DrB Sputum Smear for TB No acid-fast bacilli 2 Jan.
seen
3 January 6 LA ...R Med. Ward 1 CSF Gram stain Occ. leuko, no eryth, | 3 Jan.
seen; occ. epithelial;
no organisms seen
O
JU

O
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PARASITOLOGY REGISTER

Date Number Patient’s Sent by Specimen Examination Results Results
name requested sent
(date)

1 January 1 CR...M Dr A Stool Parasites Direct: Mod. no. 1 Jan.

Ascaris lumbricoides

ova seen
1 January 2 RA ...B brC Stool Parasites Direct: No ova or 1 Jan.

parasites seen. Conc:

No ova or parasites seen
2 January 3 NE ... L Med.Ward 1 Skin Oncho No parasites seen 2 Jan.
2 January 4 MO...T Dr R Stool Parasites Occult blood: positive 2 Jan.

: Many trophs. of E. hist-

olytica seen. A few hook-

worm ova seen
SEROLOGY REGISTER
Date Number Patient’s Sent by Specimen Examination Results Results

name requested sent
(date)
1 January 1 LA ...P Prenatal clinic Blood VDRL Non-reactive 1 Jan.
1 January 2 RO...M Prenatal clinic Bivou VDRL Non-reactive 1 Jan.
1 January 3 ME...R Prenatal clinic Blood VDRL Non-reactive 1 Jan.
1 January 4 LE ... T Prenatal clinic Blood VDRL Non-reactive 1 Jan.
1 January 5 Bl ...N DrM Blood VDRL Reactive, 1:8 1 Jan.
1 January 6 ST ...C Dr L Blood VDRL Non-reactive 1 Jan.
1 January 7 HA ...J OPD, Dr A Blood VDRL Non-reactive 1 Jan.
4 January 8 MA...S Prenatal clinic Blood VDRL Non-reactive 4 Jan,
971 83
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C. THE MONTHLY REPORT

At the end of every month the laboratory should submit a monthly report to the director of laboratory services at
the central level or, if there is none, to the department of public health at both the provincial and the central level.
Value of the report:

{a) It helps to keep a check on the laboratory’s activities and is useful for adequate staffing, for the ordering of

supplies by the central stores, and for the preparation of the budget for laboratory services at the national
level. Reports based on the number of tests done are the most suitable for laboratory management.

{b) Itis an aid in public health surveillance of the area covered by the laboratory since it reports the number of
positive results obtained for various communicable diseases.

An example of a monthly report is given below.

LABORATORY . . ittt it it e et it e it e s
MONTH ENDING

LABORATORY
1. Number of examinations carried out
Haematology — GENEFAl . . .. .. v eovv s o mese e ettt 1235
BlOOM CHEIMISIIY . . o o v e e e e e e s e e s e me et i 27
BIOOU OMOIS « « v & v oo e e e e e e teee e ettt 34
BlOOd transfUSION SEFVICE .« o o o v v v o oo e o em oo ta e e 38
Urine analysis:
JIrECE EXAMINALION &+ & v o v v e v e o s e et e mie et s 287
CRBMISTEY v v v oot et e m oo et i i 43
PrEONANCY TESES . . .o v vo e v e s o oo mn s a s 17
CSF:
JIrECt EXAMINALION . o v v v o ot oo e e ot te e i e e e e 3
CRBIMISIIY .« o o ettt ee e o e et e e oo e e 3
Parasitology:
SEOOLS &« o v oo et et e et e 162
BIOOH .« o e e e e e e e e e e e e 802
B LT e R I ~ 2 (lymph glands for
trypanosomes)
Bacteriology:
GraM STAINS .« .« v v v v e ee e e e tmee et it e e 63
AE STAINS &« o o v s e e et et e e e e e e 41
WAYSON SEAINS .« v v v vv oo e mm o ee o e s st s e 1"
IMYCOIOGY .+ o v v v v e eeie e ea e m e 3
Serology:
: VDRL: QUATAtIVE . .o v v v o it e ea e 114
QUANLITALIVE .« o v oo o oo e o m oot e it et e s 16
2. Number of specimens sent to specialized laboratories
Water for bacteriological @Nalysis . . - <« o oo oot 8
Specimens for bacteriological CUIUTE . . .« oo ot ittt 32
Sera fOr SBrOIOQY . . . o v o e e 0
Tissue biopsies . ... ........cc..-- S T I 2
0N I I 0
COMMUNICABLE DISEASES RECORD* No. of Positives
1. Bacteriological
GONOMNOBE « . v o v ot veeeenecnee e I IR 1"
LEPIOSY - v v o et et et 0
T TS I 0
TUDEICUIOSES &« » v o v v e e et e e e ee et e e e 7
2. Parasitological
ey I 3
ASCAIASIS .+ & v v o oo e e e e e 22
T I 1
HOOKWOIT &+ o o oo e e et e e e e te e ettt it ae e m e 80
Malaria © o o e e e e 253
ONCROCEICIASES & » » o o v o oee s e ee oot e o me e aa s 0
GCNISTOSOMIASIS . » 2 v o e o oo e e et ae e sm e e s 2

* The list of notifiable diseases varies from country to country. It is established by the central public health authority
in the light of:

{a) international regulations on reporting communicable diseases

{b) diseases prevalent in the area.

D
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15. Storage, Inventory, Ordering Supplies

A. STORAGE

1. Glassware

Keep glassware on the shelves of a cupboard away
from dust. Erlenmeyer and round flasks shou!d be
plugged with non-absorbent cotton wool or covered
with brown paper {or preferably with thin sheeting
of paraffin wax or clinging plastic such as Parafilm
or Saran, if available) and arranged by type and size.

Graduated pipettes should be kept in drawers

divided into sections.

2. Chemicals and reagents
These should be arranged in strict alphabetical order, as indicated on-page 465.

Acids and inflammable and dangerous chemicals {indicated by appropriately coloured labels) should be stored
separately in a special section. Unopened stocks can be kept in crates filled with sawdust.

Poisons (also indicated by appropriately coloured labels) should be stored separately in a locked cupboard.

3. Heavy equipment

Some instruments, e.g. spectrophotometers, can be kept in an air-conditioned room if the climate is het and
humid. For storage of microscopes, pages 24 and 25.

-

B. STOREKEEPING AND INVENTORY

1. . Stock cards

A stock card should be prepared for every chemical, stain, piece of glassware, etc.
Here is a sample stock card: :

STOCK CARD _
' I-tem: Giemsa stain (250 mi bottle) Item No. 24
ORDERED FROM ORDERED RECEIVED ISSUED INSTOCK
Date Quantity Date Quantity Date Quantity
2 bottles
1 M;y 2 bottles 20 May 1 bottle 3 bottles
10 July 1 bottle 2 bottles
3 Sept. bottle | 1bottle
15 June 2 bottles 10 Sept. 2 bottles L "3 bottles
-85
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When you order an item, indicate:

— in the column headed "'Ordered from”  — where you sent the order

— in the column headed ‘*Ordered”’ - the date and the quantity ordered.

When you receive an item, indicate:

— in the column headed ‘'Received” - the date of receipt and the quantity received

— in the column headed "'In stock’’ - the total in stock in the laboratory after the item has been
received.

When an item has been used up {or broken), indicate:

— in the column headed ‘‘Issued’’ - the date of issue and the amount issued

— in the column headed *’In stock” - the total left in stock after the item has been issued.

Classify the stock cards in strictly alphabetical order and keep them in a box or filing drawer. Each item can be
given a number, which is then entered in the stock card after the heading “’Item No."’.

2. Inventory

Make an inventory of all laboratory supplies every 6 months. Count the quantity or number of each item in
stock and check that the figure corresponds to the one shown in the "’In stock’’ column of the stock card.

C. ORDERING SUPPLIES

A weli organized laboratory should submit an orc.r to the central supply stores every 3 months. To draw up the
order, check the stock cards one by one.

It makes it easier to esti:nate the quantities required if a table such as the following is added to the bottom of
each stock card.

QUANTITY USED Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec.
PER MONTH '

18...

18...

19..,

In the case of chemicals, stains and reagents, order the quantity used in a 3-month period, taking into account any
recent increase or decrease in the amount used. For example:

— 8 bottles of Giemsa stain have been used in a year
— This gives an average of 2 bottles used every 3 months
— Order 2 bottles every 3 months {or 4 bottles every 6 months if orders are submitted twice a year).

Expiration dates

Some reagents {blood grouping antisera, VDRL and other antigens, etc.) have to be used before a certain date.
Make a note of the expiration date on the stock card.



16. £lectricity: setung up
Simple Electrical Equipment

A mains electricity supply is not essential in a peripheral laboratory; almost all the techniques described in this
manual can be carried out without electricity from the mains by using battery-operated or gas-operated equipment.
If the laboratory does have an electricity supply, however, the following valuable equipment can be used:

an electric lamp for the microscope (stable illumination makes adjustment 2asier)

an electric centrifuge (much faster than the manually operated type)

a microhaematocrit centrifuge (rapid detection of anaemia)

a spectrophotometer or colorimeter {(much more accurate estimation of haemoglobin)
an eiectric sterilizer, water bath

etc.

You may have to make simple connexions or repairs in the laboratory. The explanations given below are intended
to help the laboratory technician to do this and are limited to the steps to follow in each case. It is recommended
that inexperienced persons start by carrying out the procedures in the presence of an instructor.

NOTE: In many countrizs the electrical equipment will be different from that described here, which has been
chosen as an exarnple to illustrate the basic principles.

THE ELECTRICITY METER

This measures and records the amount of electricity
used. It indicates:

Some types of meter have:

the voltage — measured in volts (220 V, 110 V, etc.)
the current strength — measured in amperes (A)

the frequency of the current, e.g. 50 hertz (Hz)
(cycles per second).

a red button marked ""OFF"’, or a flip-switch;
when the button is pushed or the switch flipped,
the electricity supply to the whole building is
cut off (the mains fuse)

a green button; when it is pushed or the switch
flipped back the other way, the eiectricity supply
is restored. :

The “OFF" button or flip-switch may act as a circuit-breaker, automatically cutting off the current when the
circuit is overloaded. When this happens, press the green button or flip the switch to restore the current after
ascertaining and correcting the fault that caused the cut-off.

Aruntoxt provided by Eric



A. SETTING UP A NEW PIECE OF EQUIPMENT

1. Voltage

Check that the voltage marked on the instrument
is the same as that of your electricity supply. The
instrument has a place on it showing the voltage
with which it must be used. The voltage of your
electricity supply is marked on the meter.

2. Dual voltage equipment
Some instrurnents can be used with 2 different voltages: these are dual voltage instruments.

There is a device on the instrument that enables you to select the appropriate voltage, i.e., the voitage marked
on your electricity meter. - :

>

110 - 120.} 220 - 24

e C-;:D

s

Depending on the instrument, this device may be:

(a) a lever that can be moved to the 110V position or
the 220V position, etc.

(b) an unwired plug that can be transferred from the

110 V position to the 220 V position, etc.

(c) ascrew that can be turned to the 110V position or
the 220V position, etc.

—

3. The wattage of the instrument

- This is measured in watts (W) and is marked on the plate that shows the correct voitage for the instrument.
Each piece of electrical equipment in the laboratory uses a certain amount of power. The total must not
exceed the power of your electricity supply. The latter can be worked out from the figures shown on the
meter: multiply the voltage (V) by the current strength (A). For example:

— wvoltage: 220V
— current strength: 30 A
— wattage of the electricity supply: 220 x 30 = 6600 watts

Q 88
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4. Using a transformer

If the instrument provided is intended for use with a voltage different from that of the laboratory circuit,
it can be used with a transformer. For example:

— the centrifuge provided only works at 110V
— the voltage of your electricity supply is 220 V
.— ask fora 110V — 220V transformer, indicatigg the wattage of the centrifuge

— plug the centrifuge into the 110V connexion
of the transformer supplied :

— plug the 220V lead.from the transformer into
the electricity supply (wall socket).

5. Switching off electrical equipment

After an instrument has been switched off, it must be unplugged from the wall socket. If left plugged in, it
can cause a fire.

B. WHAT TO DO IN CASE OF ELECTRICITY
FAILURE

If an instrument does not work, check the following:

the fuses

the plug at the end of the cable

the cable

the wail socket

the voltage of the instrument and that of the
circuit.

CAWN
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Useful tools

— ascrewdriver

wirecutters

flat-nose or taper-nose pliers

fuse wire

various spare parts: plugs, switches, etc.




BEFORE DOING ANYTHING

Cut off the current:

— either by pressing the button or switch marked
""OFF’’ on the meter

— or by removing the mains fuse.

1. Changing a fuse

Remove the cover from the fuse-box.

If it is a screw-type fuse, the fuse wire is stretched
between 2 screws. |f the wire is broken or melted,
the current no longer passes: the fuse has blown.
Loosen the 2 screws. Remove the old fuse wire.

Replace it with new fuse wire of the same gauge (thickness), or with thinner wire if the same size is not
available. Fix the wire in an *’S’ shape, with a loop at either end. If the fuse is of the screw-type (see diagram
above), the wire must pass beneath the little washers under the screws.

If it is a two-pin fuse, fix the fuse wire to the base
of the pins, and then tijhten the pins with pliers.:

Once the fuse has been repaired, check the whole
~ circuit before switching on the electric current.




2. The plug

If a fault is suspected in the plug at the end of the
cable, the plug must be taken apart.

There are many different types of plug. Some have
a screw on the outside that can be unscrewed.

Inside the plug, the 2 wires of the cable are fixed
to the terminals (T) of the contact pins (P). Check
that the terminal screws are tightened. Sometimes
this is all that is needed to repair the plug.

To fit a new plug, remove the insulating materia!
for a length of 1-1.5cm from each of the 2 wires
making up the cable. This can be done by scraping
with a knife but take care not to damage the wire
inside. .

Twist the exposed ends of both wires to give
a smooth core that will fit neatly into the
terminal when the screw has been loosened.

Insert each exposed end into one of the terminals
of the plug. Tighten the terminal screws and replace
the terminals. They should hold the wires firmly;
check by pulling the wires gently.
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Three-pin plugs

Two of the pins are connected to the electric current;
one i8 /ive and one is neutral. The third {usually the
middle) pin is connected to the ground. It is most
important to connect each of the three wires in the
cable to the correct pin, and the plug usually contains
instructions that should be strictly followed. |f there
is the slightest doubt, consult an electrician.

The ground wire is covered in green or green and yellow insulating materia! (G). It provides an escape for the
electric current in case of poor insulation, thus avoiding passage of the current through the human body.

3. The cable (lead)

" If the cable is burned or broken, ask an electrician to make the connexion in accordance with the safety
regulations in force. '

(a) Switches

There are many different types of switch.
They have to be unscrewed and opened if you
want to check that they are working properly.
Make sure that the two incoming wires and
the two outgoing wires are firmly fixed in
their respective terminals by screws, 1,2, 3

and 4.
M
- e = aa A w  amm amir
>0 —
(h). Extension lead ) —

An extension lead is a cable with a male plug o IR
(M) on one end and a female plug (F) on the - _
other. The female plug is fixed to the cable by ! . =
two terminals inside the plug, just like the N e e e F

normal male plug.

4. Wall sockets

To check a wall socket, plug in a tamp {n good working ofdér. Some sockets are fitted with a small
replaceable fuse. If this is not the case, it is usually wise to call in an electrician to repair a wall socket. -

erfc_ .
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C. SETTING UP A LAMP FOR THE MICROSCOPE

If you have a microscope with a mirror, a lamp can be
made to provide illumination. A porcelain holder for

a light bulb is fixed on a wooden base and the whole is
encased in a wooden or tin box with an opening for the
light. Cut slits in the top of the box to enable the bulb
to cool.

Alternatively, a flap can be fitted above the opening
to serve as a shutter. Use an opaque electric bulb of
the “"daylight’’ type (blue-white):

— 86 watts for a monocular microscope

— 100 watts for a binocular microscope.

SOME THINGS NOT TO DO )

Never take electrical equipment apart without first cutting off the current.
2. Never touch electricai equipment with wet hands (water is a good conductor of electricity).

3. Never plug a new piece of equipment into the eleciricity supply without first checking the plate to see
whether the voltage marked is the same as that of the laboratory circuit {110V, 220V, etc.).

4. Never remove a plug from a socket by pu!ling the cable.
5. Never replace melted fuse wire by wire that is thicker.
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A fault in the plumbmg of the laboratory {a dripping tap, a blocked sink, etc.) can hamper laboratory work
- ,ml'derablly b?ome simple procedures to remedy the situation are descnbe {:2low, in case a plumber is not
' ily available. ,

A 'MATEhiALs

"An ad;ustable wrench
~ A pipewrerch .-~
A set of screwdrivers -
A bottle brush
Rubber washers for taps :
Rubber stoppers such as those uwd in penicillin
bottles
— Plunger for clearmg choked plpes
— Tow and jointing compound, if available.

Important: Before starting any plumbmg operation, cut Off the water at the mains.

8. TAPS
COmponmti of a tap

" A tap is made up.of two narts:
— the body H, through which the water flows
— the head H, which controls the flow of water by
means of a rubber wwasher W.
Between the head and the body, there is a joint (J) of
rubber or tow.

1. If the tap continues to flow when turned off
— the washer needs to be replaced. '

{a) Unscrew the head of the tap using an adjustable
wrench {turn in a counterclockwise direction).

etftR
iy i iR

(b) Rernove the worn washer from the base of the
- -head (B). If the washer is embedded, pull it
out. It it iucnwod on, umcrew it L

PAruntext provided by enic 2
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{d) If the tap continues to lea ‘after the washer
has been replaced, the seating (S) that receives
the washer is probably faulty in this case -

_ place a rubber stopper.in the hole. This will

act-as'a temporary seal until a plumber can
be called in. i;

ES

If water leaks out of the nead of the tap

— the joint needs to be replaced.

(a) Unscrew the head of the tap using an
adjus:able wrench,

{b) Replace the jomt with a new one of the
same type.

If the joint is made of tow:
(a) Remove the old joint, scraping the screw
thread with a pointed knife;

(b) Wind new tow around the screw thread,
_-starting at the top and wandmg ina
clockwuse direction.

: (c) Smeafibinting' compound over the tow,
, (d) Replace the head of the tap on the body and ..

screw down as far as it will go.

Unscrew the, fan.lty'tap, using a pipe.wrench (turn
ina co terclock :




The sink trap comms of

= the body, fixed to the sink outflow by a joint J1

"~ the swan neck.of the U-shapecl trap, fixed to the
1 body by joint J2

The whole is attached to the waste pspe by joint J3.
The waste water flows into.the trap, which is
- permanently filled with water (the seai}. This prevents
“foul air from the wast2 pnpes and sewers from coming
up mto the sink.

Smk traps may become blocked 50 that waste water

+ from the sink or basin cannot drain away.

Unbloekim"with a plunger’

Place the plunger over the waste pipe. Let a little
water flow around it to help it stick. Press down on .
the wooden handle to flatten the plunger. Pull it up
“and then push it down hard again. Repeat this
proeedure several times, as fast as you can. The
s;:ctnor;( caused may break up whatover is blocking

" the sin '

Unblocking with ehommls

Usea oommercml product mtended for the
purpose. If this is not available, use 2509 of
sodium hydroxide pellets. Put them in the

- bottom of the sink or basin, over the waste pipe.

" Pour two litres of boiling water on to the
- pellets (avoid apluhmg)

Leave to act for 5 minutes.
Rinse thoroughly with cold water from the tap.

Unbloeking by emptying the sink trap

‘Place a bucket beneath the trap. Unscrew joint J2
using thc ldjumblo spanner. Clean the trap with
‘bottl sh or piece of wire CIear away all

wdepwt (Iamestone) in the tnp,
eomplctoly 'Heat the components in
20 mi‘ac d per. Iitre of wnter)




If the trap is ieaking

If foul smells come up through the waste pipe of
the sink, the permanent reservoir of water (the

'“‘"seql) at the bottom of the tran must have leaked

because of a fault in joint J2. Screw the joint down
tightly, or replace it with a new one.

Important: Never pour strong acids down a sink.

< D
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_ ACCIDENTS IN THE LABORATORY
3 Accldents in the mrdu:al Iaboratory may be caused by:
. Aclds

2. NAIkaIIs
— splashes on the skin
— splashes in the eye
— swallowing.

3. Toxic substances

4, Heat
— open flames
— hot liquids
— inflammable liquids
— explosions.

5. Broken glass

In addition to the above, there may be injuries involving infected material, bodily damage by electric
shock, etc.

Useful first aid aquipment

5% aqueous sodium carbonate

2% aqueous sodium bicarbonate (in an eyedrop bottle)
5% acetic acid

Saturated solution of boric acid (in an eyedrop bottle)
Soap powder solution: 59 per litre of water

Cotton wool and gauze

Merbromin (Mercurochrome) and tincture of iodine.

These items should be readily available in the laboratory. They must not be kept-in a locked cupboard.

Acid burns

(Nitric, sulfurie, hydrochloric and trichloroacetic acids)

In all cases: Wash immediately with large quantities of water.
1. Acid splashes on the skin

(a) Wash thoroughly and repeatedly with water.
(b) Bathe the affected skin with cotton wool soaked-in 5% aqueous sodium carbonate.

L]

é Acid splashes in the eye

(I) Wash the eye immediately with large quantities
of water sprayed from a wasi) bottle (or rubber
bulb); squirt the water into the corner of the

: eye near the nose. -




Alternatively; hold the eye under the running tap.

(b)-After washing, put 4 drops of 2% aqueous
sodium bicarbonate into the eye.

(c) Refer the petient to a physician. Continue to
apply bicarbonate sol:iiion to the eye pending
the physician’s arrival.

3. Swallowing acids
Accidental swallowing while using a pipatte:

{a) Call a physician.

{(b) Make the patient drink some 5% soap solution immediately (alternatively, give him 2 whites of egg mixed
with 500 m| of water or milk). If neither of these is available, he should drink ordinary watey.

{c) Make him gargle with the soap solution. .

{d) Give him 3 or 4 glasses of ordinary water.

{e) I the lips and tongue are burned by the acid:
—. rinse thoroughly with water
~ bathe with 2% aqueous sodium bicarbonate.

Alkali burns ‘
(Sodium, potassium and ammonium hydroxide)

In ail cases: Wash immediately with large quantities of water,
Important: Alkali burns are as serious as, and often more serious than, acid burns.

1. Alkali splashes on the skin

(a) Wash thoroughly and repeatedly with water. )
(b) Bathe the affected skin with cotton soaked in 5% acetic acid {or undiluted vinegar).

2. Alkali splashes in the eye

(a) Wash immediately with large quantities of water sprayed fror: a wash bottle (or ruboer bulb); squirt the
wa* 'rinto the corner of the eye near the nose.

(b) Aft ;washina with-water, wash the eye with a saturated solution of boric acid (apply drops repeatecly).
(c) Refer the patient to a physician at once.

3. Swallowing alkalis
Accidental swallowing whiile using a pipette:

(a) Send for a physician.
(b) Make the patient drink at once:
. — @ 5% solution of acetic acid {or lemon juice, or dilute vinegar: 1 part vinegar to 3 parts water).
(c) Make him gargle with the same acid solution.
--(d) Give him 3 or 4 glasses of ordinary water. -
{e) If the lips and tongue are burned by the alkali:
- rinse thoroughly with. water
— bathe with 5% acetic acid.




Poisoning
This can be caused by:

~ inhaling toxic vapours or gases {e.g. chloroform)
~ accidental swallowing while pipetting a poisonous solution.

In all cases:
{a) Send for a physician or qualified nurse, specifying the toxic substance involved.
(b) Place the victim in the oper: air while waiting for the physician.

Burns caused by heat
These fall into two categories:

1. Sﬁvere bur)ns affecting large areas of skin (e.g. burns caused when burning ether or'toiling water is spilled over
the victim
2. Minor burns affecting a small area of skin (e.g. burns caused by hot glassware or a Bunsen flame).

1. Severe burns

(a) If the victim is on fire (e.g. splashed with burning ether or other inflammable solvent), roll him in a blar:ket
or overall to smother the flames.

{b) Infcim the physician on duty at the casualty department immediately, specifying that a patient with severe
burns will have to be moved.

{c) Lay the victim on the ground. Do not remove his clothing. Cover him if he is cold.

(d) Do not apply any treatment to the burns: this must be left to the physician.

2. Minor burns

{a) Plunge the affected part into cold water or ice-water to soothe the pain.

(b) Apply merbromin (or tincture of iodine) to the burn.

(c) Apply adry gauze dressing loosely.

(d) if the burn becoines infected or does not heal, refer the patient to a physician.
Never tear off the blisters that form over burns.

I{njuries caused by broken glass
1. Clean glass

(a) Disinfect the skin in the normal way (using merbromin, tincture of iodine, etc.}.

{b) Cover with an adhesive dressing (ready-made type).

{c) If the cut bleeds profuseiy, stop the bleeding by pressing down on it with a compress. Refer the patlent
to the casualty department.

{d) If the cut bleeds heavily with the blood spurting out at intervals, try to stop the bleeding with a con.press
and call a physician or qualified nurse.

(e} Continue to press on the wound while awaiting the physizian’s or nurse’s arrival. {He or she will decide
whether a tourniquet should be applied.)

2. Glass containing infected material

Glassware containing stools, pus, bacterial cultures, etc.: .

(a) Check whether the cut is bleed:ng; if not, squeeze hard to make it bleed for several minutes.

(b) Bathe the whole area (the edges of the cut and inside the cut} with tincture of iodine or a surgical
antiseptic.

(¢} Wash thoroughly with soapy ‘vater.

(d) Bathe again with tincture of icdine.

(e} ‘Refer th;a victim to the physician if the material involved is known to be very infective (bacteria! cultures,
pus, etc




Bodily damage by electric shock

A Iow-voltége alternating-electric current (120_or 220V) is usually used in the laboratory and eleciric shocks are
ra!'e,_They may occur when faulty equipment is being handled, particularly with wet hands. The symptoms are
fainting and asphyxia.

(a) Before doing anything else, cut off the electrinity
at the mains fuse,

(b) Send for a physician.

(c) Begin giving artificial respiration immediately
(mouth to mouth), and massage the heart
externally if necessary.

PRECAUTIONS FOR THE AVOIDANCE OF ACCIDENTS

Handling acids and alkalis

1. Diluting sulfuric acid with water
Always add the sulfuric acid to the water drop by drop, stirring the mixture after each drop. Do this
preferably in a sink. Never pour water into sulfuric acid {because of the danger of splashing).

2. Bottles of acids and alkalis

Keep them on the lower shelves of the cupboards. When you take one out, hold it firmly upright with a dry
hand. Do not keep acids and alkalis in bottles with ground glass stoppers (they may get stuck).

3. Pipetting

Where possible, use small measuring cylinders for measuring acids and alkalis. If more accurate measurement
is required, use a pipette plugged with non-absorbent cotton wool or with a rubber tube attached. Pipette
slowly, watching the level of the liquid.

Heating glassware and liquids
1. Test-tubes
Never heat the bottom of a test-tube; the liquid inside might sputter. Heat the middle of the tube, shaking
gently. The mouth of the tube should be facing away from the worker and any other person, towards an
"~ empty work space or a sink. '
2. Ord)‘nory glass and Pyrex »
Only Pyrex glassware and porcelain receptacles can be heated over a Bunsen flame. Ordinary glass will break.

- 3. Inflammable liquids
“ . Only iiﬁall'QUahtities of inflammable liquids such as ether, ethanol, acetone, benzene, toluene and carbon
disulfide should be kept in the laboratory.
- WARNING: Ether will ignite at a distance of several metres from a flame. Never place a bottle of ether on
a workbench where there is an open flame (Bunsen burner, spirit lamp, etc.). Carbon disulfide is even more

dangerous.

4 Bumneges S
~ - When lightinga gas burner; always light the match and hold it to the burner before turning on the gas tap.
- "Turn off the main valves of all-bottles of butane gas every evening. Replace the rubber connecting pipes once
cayew. oo : '
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The plan below sets out the possible arrangement of a peripheral medical iaboratory attached to a health centre.
It shows a laboratory capable of carrying out some or all of the techniques described in the manual. The plan is
limited to one room, since often this is all that is available for the laboratory.

The room should be at least 5 metres by 6.

STOOL

EXAMINATION

na==lwmmi==0 ’-/'f: 5
‘ Micr?scope e

Window

RECEPTION OF
SPECIMENS T &
l Refrigerator

RECCRDS

COLLECTION OF

Autoclave BLOOD SPECIMENS

Qi A . TEES LA\

WASHING | |
GLASSWARE | . STAINING

Seats for
patients

If 2 rooms are available, it is recommended that the blood transfusion service be placed in the second room. If
there is no transfusion service, the second room can be used for washing and sterilization. Dirty and/or contaminated
material should be removed from the iabaratory working area as quickly as possible both for the safety of the
workers and to avoid errors and cross-contamination.
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This illustration indicates anothr.r

by circumstances.

possible arrangement of a peripheral lzboratory. It will obviously be modified

-l
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| Outpatient’s table

Blood bank refrigerator
Hand centrifuge
Microscopes
Haematology area
Colorimeter

Blood transfusion area
Water bath’

- Centrifuge -
Syphilis serology and baochemlstry area
.. Reagent refrigerator

Reagent shel?
Glassware shelf

. Balance

. Staining box

. Sputum area

. Bunsen burner

. Sinks

. Drying pegs

. Waste sink

. Blood dcnor bed

. Records -

. Stool preparataon area
. Urine preparation area
. Reception of specimens
. Gas bottle




20. List of Apparatus Needed
~ to Equip a Peripheral Laboratory

The following is a list of the apparatus needed to equip a laboratory capable of carrying out all the examinations
described in the manual. Suct c !aboratory would usually be jocated in a small rural hospital (district level) which
might have between 60 and 100 beds. A health centre laboratory not attached to a hospital would require less
equipment as it would probably not carry out blood transfusion work, VORL, etc.

The quantities of the different expendable items sroposed are sufficient to enable a laboratory with one or two
technicians to perform 20—50 examinations per day for a period of 6 months.

l. LABORATORY INSTRUMENTS

A. Essential items
1. The microscopes

~ One microscope with an inclined binocular tube, a mechanical stage, three objectives (x 10, x 40, x 100),
eyepieces {x 5, x 10}, condenser and plane/concave mirror. |f mains electricity is available, an electric
microscope lamp, for use in haematology.

— One microscope with an inclined monocular tube and accessories as listed above, for use in the other
sections of the laboratory {parasitology, urine analysis, bacteriology, etc.)é
At the health centre ievel one monocular microscope is sufficient.

2. The centrifuge
— An electric centrifuge with microhaematocrit head attachment and veader.
~— A hand-operated centrifuge with 4 buckets.
3. The balance
An analytical balance is necessary if reagents are to be prepared in the laboratory. Accessories: a set of weights.

4. Refrigerators
Wherever a transfusion service is established a separate refrigerator must be set aside for this service.
Other reagents {VORL and pregnancy tests, etc.) and materials (some transport media, specirmens, etc.)
can be kept in a compartment of the hospital’s or health centre’s refrigerator.

5. A thermostatically controlled water bath (37 °C—56 °C)
Used for cross-matching, VDRL tests, inactivation of sera, and other tests where a constant temperature is
needed over a relatively long period.

6. A rotating machine for VDRL tests
Essential in any laboratory where the VDRL test is done routinely.

7. A differential counter . -
Although a hand tally counter can be used, the differential counter saves time and improves efficiency.

8. A photometer or colorimeter

Necessary for blood chemistry and for accurate haemoglobin determination. A battery-powered model is
supplied by UNICEF (ref. 09-309-98 or 09-310-00).

B. Additional items
1. The autoclave

When the laboratory is in a hospital, the hospital sterilization service can be used. If the laboratory is in a health
centre one of the following is needed:

— apressure cooker

— asmall autoclave (electric or heated by oil stove or butane gas).

2. A hot air oven

If the laboratory is fairly large, a small hot air oven is useful for drying glassware and for sterilization in
conjunction with the autoclave.
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7 3 Balances

If the laboratory is required to prepare a wide range of reagents, a two-pan balance with the ¢ wresponding
set of weights might be acquired.

4. A de-ionizer or a still for making distilled water

The d;éi)onizer is an apparatus for demineralizing water by means of cartridges of ion-exchange resins (see
page 59).

A still can be used instead of a demineralizer. A model supplied by UNICEF (ref. 01-680-02) is made of
stainless steel and is therefore durable,

I;alll the reagents are supplied ready for use or if distilled water is provided, this item may be withdrawn from
. the |ist.

Il. EQUIPMENT FOR COLLECTION OF SPECIMENS

Syringes, graduated, 20 Ml . ... e 2
Syringes, graduated, 10 Ml . ... . ... .. 0 i it 10
Syringes, graduated, S5ml ................ ... e et e e 20
Needles (hubs to fit syringes) size 18G (1.2 mm) x40 mm . .. ........ooooonn oo 6x12
Needles (hubs to fit syringes) size 19G (1.0-1.1mm) x40 mm. .............. ... ... 6x12
Needles (hubs to fit syringes) size 20G (0.9 mm) x 40mm............ ... 2x12
Needles (hubs to fit syringes) size 22G (0.7 mm) x40 mm . ... ................... .00 6x12
Needles (hubs to fit syringes) size 23G (0.6 mm) x 32mm...................... o000 2x 12
Needles (hubs to fit syringes) size 256G (0.5 mm) x 16 mm . .............. ... ... .00 3x12
Rubber tubing for tourniquet, 2-5mmbore ..............c.oouuuunn oo T 2 pieces
Lancets for takingcapillary blood. ... ...........ooovuuiuennn 10x 12 -
Cotton wool, white, absorbent . .. ...............ovuunenunnnnennn 2x5004¢
Cotton wool, non-absorbent . .. ... ........ouiiiint it 2x500¢g
Bottles, previously containing antibio.ics, reagents, etc. for injection (5,10,20ml) . ............ As many as
) possible
Additional equipment desirable
Needles, sterile, disposable, for taking blood. . . .......uvveeener e as needed
Needles, Stop, 18G . ..o\ttt e e 12
Lancets, sterile, disposable, for taking capilla:y blood. .. ... ......coouvouin . as needed
Scalpel with disposable blades (for 16prosy) .............oovueeeurvnrnonno 1
Curved clamp forceps without teeth (for leprosy). .. :......ovoier oo oo e 1
Boxes, plastic or cardboard, disposable, for stool collection . ... ...........c..ooomoonnnon, 500
Applizators, wooden (12cm x 1mm) (canbemade locally) . ... .....ovoovennoon 500
Bottles, 2.5ml and 5ml, preferably plastic . .. ....vver vt 50
Bottles, white glass, wide-mouthed, 50 ml, with metal screw cap and rubber washer,
fOr SpUtUM COlIBCtioN . . ... it e e e e, 25
Bottles, white glass, 25 ml, with metal screw cap and rubber washer, for various specimens . ....... 25
Bottles, wide mouth,.all-varieties, for urine CoLECtioN. . . ... v vvveerur s ores e 20-40
Forceps, punch for skin biopsies (for onchocerciasis) ... .......oovuvr e e 1
Tongue depressors, WoOdeN. . . . ....v ittt e 50
{1l. GLASSWARE
Glass rods, solid 6 mm diameter . ... ... ... outitunin et 3
Beakers, flat; .
= plastic BOMI ... o e, 4
— plastic TO0 Ml ... e e e, 4
= PIastic 280 Ml . .. e e e e 4
Staining troughs, rectangular, for 20slides .. ........... e et e ettt 4
Funnel, glass, BOmm diameter .. ...... ... ...t 1
Funnels, glass, 90mm diameter. . . ...... ... ..o oiur it 2
Funnel, plastic, 200 mm diameter. ............ouvurvennnrea e 1
Measuring cylinders, graduated, with stoppers, glass:
- 25ml............. et ettt e e ettt 3
T 100 ML e e e 3
2 1 111 PO 2
= B00ML. L e e e 1
= d000 ML L e e )
Flasks, Erlenmeyer, Pyrex, wide-mouthed, Z50 Ml ... .oouereenneemnmn e 3
Flasks, Erlenmeyer, Pyrex, wide-mouthed, 500MI . .. ...ooveeemres v 2
Drop bottles, plasticor glass, 100MI. ..o iuntteeeee s ieesaea i 12
Drop bottles, brown glass, 100 Ml . ... ... .uuuntetttteeree e 3
Reagent bottles, plastic or glass:
= A00 ML e e 20
= B00 M. L e e, 10
= 1000mMI. L e e 10
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R 1 ¥ ¢ 1 s T I AU RS 4
-+~ 1 2 11 1S 2
R > 1 1 11 2
S T Y ARt 1
Microscope slides, 25 x 76mm (1.1 to Y.3mmzthick) . .......ci it ittt iiinan e 2 x 1000
Coverslips, square, 20 x 20mm (0.13t0 0.16mmthick)........cove it iii it iii i ennnnnn 20 x 100
Wash bottles, plastic, D00 Ml . ... oottt ittt it ittt ineentoneronssonsnssnrsnsnses 2
Wash bottles, plastic, 1000 Ml . ... .ot iiiiiii it e ireeenaceerocsonorosnecsoensnnsas 2
Watch glasses, BO MM diameter . .. ..o o vv ittt ittt eereeeeeerossssorosnsonenacecnnnnos 2
Pipettes, graduated from the top and not to tip:
—  Tml(subdivided 001 ml) .. ..ottt it iietetenneetnnreanonnnnns 12
— 2ml(subdivided 001 M) .ottt i i e it e et ettt e e 10
—  Smil(subdivided 0.1 Ml .. vvii i ittt i i e e ittt e 10
— 10ml (subdivided 0.1 M) ...t it it ittt it ittt ettt 6
Pipettes, PasteUr | .. . . .. ... ... ..ttt ettt 2 x 144
Test-tubes, Pyrex, 1500 X 16 MM ..ottt it ittt it enreennososaceoscoansscesannons 50
Test-tubes, Pyrex, 85 x 16mm (Kahntube) . ... ...ttt iienorenennnannnnons 100
Test-tubes, Pyrex, 50 x 6 mm (cross-matchingtube) . .........cciiitt it iiiiinennnnnns 20
Centrifuge tube, conical, 10 Ml . ..o i ittt it ittt ittt ittt ereeeetosneenneneannnnens - 40
Centrifuge tube, conical, 15ml, graduated in 0.1 ml . ... . ... ittt enenennnnns 6
Glass tubing, wall 1 to 1.5mm, diameter 7 10 BmMM . .. ... ii it it ienrnrernneennnnennons 1kg
‘Additional items
Petri-dishes, glass:
O I 13011 T -T2 T3 € PP 4
— 1D MM dIAMELEr . 't ittt it ettt et e e ettt 4
Evaporating dishes, 70 mm (70 Ml) . .o v vt ittt it it te e v neetaoeasoseneennseneenns 2
For the VDRL test:
— Bottles, clear glass, 30 ml, with greund glass stoppers, 35 mm diameter, flat-bottomed. ... .. 3
— Pipettes, graduated to tip: 1 ml (subdivided 0.1ml) . ....... .0t iiinenrennnns 5
0.2ml (subdivided 0.05mI) ... ..oovveetirinerrnnrennrenens . 30
IV. HAEMATOLOGICAL APPARATUS
Pipettes, Sahli, 0.02ml, withrubber tubing. . . ... ... .. it e it i it e 30
Pipeties, blood, 0.00 ml. . ...ttt ittt it i ettt et e 20
Counting chambers:
— Improved Neubauer (bright line if possible) .............ccc ittt 3
— FUChS-ROSENthAl . . ..ot i ittt it itie it eennnessossecnonassssesonanssnns 1
Coverglasses, optically plane, for countingchambers. .. . .......... . i iiiieenn, N 12
T allY COUNTBE. .ottt i ittt e ieeseeeoosoosnosennoannasoeeaasessnonononsssonnsnnioss 1
Tubes, Westergren, for erythrocyte sedimentationrate. . ... ... ..c.cviiiivieeeiuneeneennas 30
Stands, for Westergren tUbeS . . . v oo vv v v ierneeernenronennanenecnss e et e 2
Microhaematocrit capillary tubes, heparinized ............ . ¢ttt iieneenns 1000
Microhaematocrit tube Sealing COMPOUNGD. . ..o vvtie et tneennueeeeonnenoroneenenannnsses 1 set
(10 trays)
Blood-collecting bottles, for transfusion .. . ... oo o ii it ittt ittt it e 3
BloOd-COllBCting SBtS . ... o vttt et e ittt ootonnoononaasonassosanossatsocsnsaannnns 30
Opal Dlood-grouping tiles ... covvit ittt it i iieieeeineornosrvosoossonoconennnsrecnnes 3
V. BACTERIOLOGICAL AND BIOCHEMICAL APPARATUS
Nickel-chromium alloy (nichrome) wire, ITmmdiameter. ............coieitiiiirereoonanas 1 metre
LOOP MOIEIS. « oo e vt ieerceeeeien st oonaenocaosaonronasnsssetosososasssasnnnsess
Wooden block for loophniders ... .... P R 1
Protein stanNdard tUDBS. . . ... v i ii it e et eteennnnreossosssntocscsssestassscnssnnas 1 set
Test-tube racks, 18rge, 12 tUDES. . . ..o o vv it ittt ittt it e 4
Test-tube racks, Small, 12 tUDES. . . . ... ot vii i iiielonanronecsnrtoserssannacssans 4
Wooden test-tube HOIderS . . .o oot ittt i ittt er et receesooossasnooannnssecnnaassanoss 2
Forceps, stainless steel, forslides. . ..........oi it iiieireienirieiieeeninenns 2
Bunsen burner for use with butane @3S . .. ... .ttt vvvrrvnnneceeccsonosrorossssonassses A
Butane gas Cylinders .. .........covvirienniiiienneiueronaaeatarottetteatiaiaaaons as needed
Tripod with ashestos GBUZE . . ... co vt vt ittt tonnenenensosonsosonenesooesesnasnsns 1
U I OMIBEBE . .. .ottt e et e e see e noesuessesnsnesansonenseeesesonnonnenneeennons 1
Spatulas, various sizes, for reagent weighing . . ...........oueeneeennneronnrreennnennenns 3



VI. LABORATORY RECCRDS 4ND REPORTS

Record books, hardbacked, large. ........................ ... ... ... ... . ... 6
Record book, hardbacked, small (for blood donors) ... 1
Glass-marking pencils, wax, red........ .. ... . 0 0 ]]lT T 12
Glass-marking pencils, wax, blue .. .......... . ... 00 [ 11T 12
Glass marker, diamond peint. ............. .. ... .0 Il 1
Pencils, lead. . ........... ... .. .l lllllllllII e 12
Pens, ballpoint, black or blueink ... ...... ... ... .l Il 3
Pens, ballpoint, red ink (for recording positives) .. ... ... ... . 2
Celiophane tape. ........... . ... BT 3 rolls
Adhesive tape, white. . ... .. . o Il 3rolls
Labels for patients’ bottles................. ... . .. 0 il 1000
Prepared laboratory request forms (preferably standardized centrally) ... ........ ... ... .. ... as needed

Vil. MISCELLANEOUS

Timer, 0-60 min, withalarm ......... ... ... .. 1
Spifitlamp ... 1
Hammer ... ..o 1
Pliers. . ... 1 pair
Pliers, electrician’s. .................. .. . ... .. I 1 pair
Screwdrivers (small, medium, large) ................ . . . o Il 3
Round metal file, Smm....... ... . ... ... ... i il 1
Small ampoule files....... ... .. . ... . .. . [l lllllIITiinm 12
Saucepan, flat-bottomed with lid, 30em. . .............. . . [ . lliiirT 1
Hotplate................ ... . ... . ... ..l 1
Mortar ahd pestle (10cm) ... .. ... ... ... ..., .. ... il 1
Bowls, plastic, 50 x 30cm. ......... ... ... ... oLl 3
Bucket, plastic, 12 litres . ........ ... .. . ... ... llllliiinTn 1
Rubber bulb (for cleaning pipettes).................. .. ...l TTiTiTeT 1
Scissors (medium, large) ... ... ... ... o 0L oL L Il 2
Vacuumpump, metal ... .. Lo oL Lo LIl 1
Thermometer, 0--100°C .......... ... .. ... ... . ol Il 1
Stoppers, rubber .. ....... ... L L 1 set
STOPPErS, COTK. . ... o ~ 1set
COTKSCIW . . . .. v oev it i <
Test-tube and bottlecleaning brushes {various sizes)....... ... . ./ l7TTTTTTii 6
Filter paper, 16cm, No.1 . .. ... .. ... ... .. ... ... .. il 4 boxes
PH paper, narrow range (6.8-7.2).................. ... ... Ll 6 books
pH paper, wide range (0—12) ...... .. ................... e e 6 books
Litmuspaper. ........... .o 6 vials
Lens paper. ............ . 2 packets
Toilet tissue. . ................... e, R ERR R 2 rolls
Towelsandcleanrags ............. . ... ... ... . ... e ©  as needed
Immersionoil ....................... I T 6 bottles
e (10 ml each)
/’,/ S
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PART Il




A. PARASITOLOGY

Introduction

The study of parasites that cause disease in man is called
medical parasitology. A parasite is an organism that lives

in or on another living organism of a different species
and obtains its food from it.

9

‘The organism from which the parasite takes its food is
called the host. '

A parasite such as a tick that lives on its host is called an
ectoparasite. '

A pafasite’ that lives /n its host, such as a hookworm or

an amoeba, is called an endoparasite.

o ) 3
117




Laboratory diagnosis in medical parasitelogy may
include examination of stools, urine, sputum, blcod,
cerebrospinal fluid (CSF), and other secretions or
tissues.




1. What to Look For. Collection of Stools.

The following stool examinations are carried out in the
laboratory:

RO
1. PARASITOLOGICAL EXAMINATION

This is the detection of parasites such as:
(a) werms visible to the naked eve (see page 143).

(b) eggs or larvae of those worms, visible only under the
microscope (see page 122).

(c) protozoa (single-celled microorganisins), which may
be found in a motile (vegetative) form (see page 147)
or in a non-motile, resistant form as cysts (see page
155).

2. BACTERIOLOGICAL EXAMINATION

This is the detection of bacteria that cause disease
by the culture of stools (see page 268).

3. CHEMICAL EXAMINATION _

This is principally carried out to detect t-henpresépce of
occult blood (see page 175). e

Other chemical tests are less frequent.

T

1 ¢ A
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COLLECTION OF STOOLS

The reliability of the results obtained will depend
largely on the care taken in collecting the stools. The
following precautions stiauld be taken in collecting
stools for parasitologicai examination.

1. Collection of a suf'icient quantity

This is necessary in order:

— to permit detection of parasites, if in low
concentration

— to prevent rapid drying of stools.

The specimen should contain at least 4 ml (4cm?).

2. Provision of a container for the patient’s use

Every effort should be made to give t..e patient one
of the following types of container for collection of
the specimen:

(a) a waxed cardboard box
{b) an empty tin with a lid

{c) a light plastic box

(d) a glass jar especially designed for stool collec-
tion, with a spoon attached to the stopper.

2. Examipation of stoo!s while fresh

{a) Stools must be examined within one hour of
collection.

{b) if a number of specimens are recgived at the
same time, pick out liquid stools and those con-
taining mucus or blood and examine these first,
for they may contain motile amoebae that die
quickly.




THINGS NOT TO DO

Never leave stool specimens exposed to the air in containers without lids.

Never set aside stool specimens for examination at the end of the morning {i.e., 2 or 3 hours later).
Mever accept stools mixed with urine {e.g. in a chamber pot or bedpan).

Never place the container with the stool specimen on the examination request form.

LN =

For collection of stool specimens with preservatives for bacteriological ¢ xamination {cholera culture, culture for
other bacteria causing dysentery) see page 268.

115



2. Slide Preparation

MATERIALS

— Microscope slides

Coverslips, 20mm x 20 mm

— Wooden applicators, or wire loops (0.46 mm nickel-
chromium alloy wire)

— Grease pencils

Sodium chloride solution (reagent No. 45)

— Lugoi iodine solution {reagent No. 36), diluted

5 times.

METHOD

1. Take a slide and put:
— 1 drop of sodium chloride solution in the middle
of the left half
— 1 drop of the iodine solution in the middle of
the right half.

2. Using an applicator or wire loop, take a small
portion {about this size: O) of the stool. If the
stools:

— are formed, take the portion from well inside -
the sample (parasite eggs?) and from the surface

— contain mucus or are liquid, take the portion
from the bloodstained mucus on the surface or
from the surface of the liquid {amoebae?).




3. Mix the sample with the drop of sodium chloride
solution on the slide,

4. Using the applicator or wire loop, take a second
portion of stool from the specimen and mix it with
the drop of the iodine solution.

5. Place a coverslip over each drop (apply coverslips as
shown to avoid the formation or air bubbles).

6. Mark the number of the specimen on the slide with
a grease pencil.

7. Examine the preparations under the microscope. Do
For the saline preparation use x 10 and x 40 \
objectives and a x 5 or x 8 eyepiece. For the iodine
solution preparation use a x 40 objective. As the ,
€ggs and cysts are colourless, reduce the amount of

light using the condenser aperture or lower the
condenser to increase the contrast,

123 | 1M




8. Examine the first preparaticn with the x 10
objective, starting at the top left-hand corner as
indicated.

To ensure that no field iz overlooked, pick an object on
the edge of the field of view and move the slide across
the microscope stage, examining the fieid, until the
object reaches the other edge of the fizld. Repeat the
procedure over the whole area.

For each field examined change at least once to the x40
objective to check for the presence of protozoa, which
are very small.

Then examine the iodine solution preparation with the
x 40 objective.

——



-3~ §pecial - Technique for Pinworm Eggs -

Principle

The eggs of the pinworm (Enterobius vermicularis) are
usually collected (particularly in children) in the folds
of skin around the anus. They rarely appear in the
stools.

MATERIALS

— Adhesive cellophane tape

-~ Spoon 10cm long or, better, a wooden tongue
depressor

— Slide

— Microscope.

METHOD

1. Place a strip of cellophane tape, sticky side down,
on a slide, as shown in the diagram.

2. Piace the spoon handle flat against the underside
of the slide.

3. Gently pull the tape away from the slide and loop'it
over the end of the spoon handle. )

ERIC s e




.

4. Hold the completed tape swab in your right hand,
pressing the slide firmly against the spoon.

5. Separate the patient’s buttocks with your left hand.
Press the end of the spoon covered with tape against
the skin round the anus in several places.

6. Take the slide and fold the tape back on to it, sticky
side down.

7. Make sure that the tape is firmly stuck flat to the
slide by pressing it with a piece of cotton wool.

FRIC120
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8. Examine under the microscope, with reduced
condenser aperture, using a x 10 objective, for
E. vermicularis eggs which have the following
characteristics:

Shape:  oval but asymmetrical (flattened on one
side, rounded on the other)

Size: 50-60 um

Shell: smooth and thin, but double line visible

Content: either a granular mass (1) or a curled-up
embryo of the worm (2)

Colour: transparent, colourless,

FO( photographs of eggs see page 129.

(After the method of Melvin, D. & Brooke, M. Laborstory
procadures for the disgnosis of intestinal parasites. Atlanta,
US Department of Health, Education, and Welfare, Center
for Disease Control, 1969, p. 138)

If no cellophane tape is available
1. Use a cotton wool swab.
2. Wipe round the anus (but not inside) with the swab.

3. Dip the swab into a tes: tube containing about
0.5 mi (10 drops) of sodium chioride solution
(reagent No. 45). Rinse the swab well in the

- solution. ’

4. Draw up the liquid with a Pasteur pipette. Transfer
it to a slide, cover with-a coverslip and examine as
: ?:sac)nbad in step 8 of the previous method (page

ERI

Aruitoxt provided by Eic:
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4. Eygs and Larvae of Intestinal Parasites

A. CHARACTERISTICS OF EGGS

Eggs laid by parasitic worms and found in stools are
identified by:

— size

— shape

— shell

— content

and occasionally by

— colour

— external features.

For example: the egg of Schistosoma mansoni

Size: 150 um

Shape: oval

Shell: external shell, thin and turgid; internal
shell, thin, membranous and less
distinct

Content: 1 ciliated embryo

Colour: pale yellow

External feature: 1 |ateral spine

B. SIZE OF EGGS

The size can be estimated by comparison with that of a
red blood celf, which measures 7.5-8 um

1
1000

The size in um given in this manual is that of the long
side of the egg.

1 micrometre (1 um) = of amm.

The size can also be assessed in relation to the micro-

scopic field: .

— using a x 10 objective, this egg takes up 1/10 of the
field .

— using a x 40 objective, this egg takes up 1/3 of the
field.

The egg can be measured by inserting a micrometer scale
slide in the eyepiece of the microscope.

Another method is to compare the egg with one of

another species common in the locality whose size

under the microscope is known (hookworm, round-

worm, etc.}). : 8‘3




- HOW TO RECOGNIZE EGGS

The method recommended is:

ia) establish the probable identity of the egg from its general appearance
(b) make a systematic study of all the characteristics of the egg to confirm its identity.

In order to gain experience {if possible, under the guidance of an instructor):

—~ study the different eggs found in the locality

- identify, one by one, all the characteristics.of each egg as described in the manual.

1)

ALPHABETICAL LIST OF PARASITIC WORMS WHOSE EGGS ARE FOUND IN STOOLS

4/phahetical order

The parasites are set out in alphabetical order and not according to size, shape or cther features, since inethods of
recognition by elimination can lead inexperienced technicians into error.

Numerical order

The eqgs are numbered according to alphabetical order and described and illustrated in that order. At the end of
the section {pages 140 and 141) the eggsare shown in a comprehensive table that can be used for a first rapid search.

Areas of the world

The area of the world where each egg is most commonly found i
information when you think you have found a rare species.

INTERNATIONAL SCIENTIFIC NAME
{generic name & name of species)

® 1. Ancylostoma duodenale
® 2. Ascaris lumbricoides
3. Clonorchis sinensis
4. Dicrocoelium {various species)
5. Diphyllobothrium latum
6. Dipylidium caninum
7. Enterobius vermicularis
8. Fasciola hepatica (or gigantica)
9. Fasciolopsis buski
10. Heterophyes heterophyes
11. Hymenolepis diminuta
®12. Hymenolepis nana
813, Necator americanus
14. Metagonimus yokogawai
15. Opisthorchis telineus .
16. Paragonimus westermani*
17. Schistosoma bovis
®18. Schistosoma haematobium**
®19. Schistosoma intercalatum
020. Schistosoma japonicum
021. Schistosoma mansoni
022. Strongyloides stercoralis***
23. Taenia saginata
24 Taewia solium
25. Trichostrongylus (various species)

s indicated. To avoid mistakes, always consult this

COMMON NAME
{English)

Hookworm
Roundworm, ascaris
Chinese liver fluke
Lancet fluke

Fish tapeworm

Dog tapeworm
Pinworm, oxyuris
Giant liver fluke
Giant intestinal fluke
Small oriental fluke
Rat tapeworm

Dwarf tapeworm
Hookworm

Japanese fluke

Cat liver fluke
Oriental lung fluke
Schistoscme (vesicai)
Schistosome (rectai)
Schistosome (oriental)
Schistosome (intestinal}
Threadworm

Beef tapeworm

Pork tapeworm

026. Trichuris trichiura Whipworm
® = commonly found in many countries
* tound chiefly in sputum
' * tound chiefly.in urine
*** found chiefly as larvae in stools l 20
o "
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Terms used for identification of eggs

the two cell poles

_ shell (with
“double” wall) shell (with
granular "'single’’ wall)
contents
of egg .
ciliated embryo
embryo .
lateral -
spine cilia
internal shell
operculum external shell
1 I
! |

spike
{knob or boss)
membrane -
{(internal shell)

hooklets
external shell (these are refractile ‘ -

structures that shine in symmetrical egg asymmetrical egg

the light)
1um (micrometre) = ; 0100 of a millimetre 1 red cell measures about 8 um

FRICI2¢
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Key to the identification of the most prevalent helminth eggs in tropical areas

_operculated
eggs

non-operculated
eggs

Arunrext provided oy eric [

containing
developed

larvae

large > 50 um
without
develc.ped

larvae

ciliated larvae,
conspicuous
spine or
minute knob

no ciliated
larvae,
no spine,

| no knob

small knob at the wide end.

[small <35um pronounced rimmed sxtension of shell,

— Clonorchis sinensis (3)

[ very large — Fasciolopsis buski (9)
>130um — Fasciola hepatica (8)

medium size
70-120 um

distinct flattened operculum
with an obvious rim,

— Paragonimus westermani (16)
golden yellow colour.

[ “minute knob — Schistosoma Japonicum (20)

terminal spine — Schistosoma haematobium (18)

lateral spine  — Schistosoma mansoni (21)
[~ . .
single thick dark brown shell,
[ eggs with 3 transverse striation, — Taenia (23—24)
pairs of spherical or subspherical
hooklets
double shall, colourless
inner shell with pola- — Hymenolepis nana (12)
_ﬁlaments, oval.
— barrel-shaped,
i double shell, dark | 2 polar plugs, — Trichuris trichiura (26)
brov.n external smooth shell
shell .
ovoid, no polar
plugs, — Ascaris lumbricoides
mamillated (2)
external shell
eggs with no - [ flattened  — Enterobius
|_hooklets _ on one side vermicularis (7)
larvae
not - Strongyloides
thin clear flattened stercoralis (22)
transparent —
shell grey cells | — Necator americanus (13)
— ~ Ancylostoma duodenale (1)
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1. Ancylostoma duodenale

. Size 50-60 um

- Shape  oval with rounded slightly flattened poles
{one pole often more flattened than the
other) ,

Shell very. thin; appears as a black lire .

Colour  the cells inside are pale grey (iodine solution
turns them dark brown)

Content varies according to the degree of maturity.

Type A (fresh stools):

4, 8 or 16 grey granular cells, clear but not refractile
{blastomeres).

Hodkwofm

Hot
countries

Type B (stools a few hours old):
A uniform mass of many small grey granular cells.

Type C (stools 12-48 hours old):

The whole of the egg is filled by a small larva (the
future worm), wrapped around itseif. The egg is
"embryonate”’.




o - Roundworm Whole
2. Ascaris lumbricoldes {Ascaris) world
There are four types of ascaris egg: ‘

Fertilized egg with double shell

Unfertilized egg with double shell
Semi-decorticated fertilized egg (less frequent)
Semi-decorticated unfertilized egg (very rare).

ocow»

A. Fertilized egg with double shell

Size about 70 um
Shape  oval, or sometimes round
Shell the two shells are distinct:
— the external shell is rough, brown, covered
. with little lumps (mammillated)
— the interral shell is smooth, thick,
colourless - - B _
Colour the external shell is brown and the contents
of the egg are colourless or pale yeilow
Content a single round granular central mass.

8. Unfertilized egg with double shell

Size - about 80-90 um {larger than type A)
e  more elongated (elliptical or irregular)
the two shells are indistinct:
~ the external shell is brown and puffy, with
rather jagged lumps
— the internal shell is thin (one or two lines
, - may be vitible) -
Content the &gy is full of large round very refractile
(shiny) granules.

C. Semi-decorticated fertilized egg

.+ Similsr to type A but without the externa! shell.

Shell - single, smooth, thick and colourless (or very
pale yellow)

Content a single round colourless granular central

D. Semi-decorticated unfertilizod egg -~

Shell - "'airsir;gl’e smooth thin colourless shell (double

Content ' large roundish colouriess refractile granules.
. Caution: Do not confuse type D with the egg of

: Ancylmm or the giant fluke.




3. Clonorchis sinensis

Size 25-30 um

Shape distinctive (see illustration opposite)

Shell Ifme)and smooth but quite thick (double
; ine

Opercjc_i[um easily visible at the narrow end of the egg,
“7.« fitting into # thickened rim of the shell

Boss a small knob at the wide end of the egg (P}

Content a well-organized ciliated embryo

Colour shell yellowish-brown, contents pale
yellow.

 Lancet fluke or Chinese liver fluke Asia@

4. chrocoollum {various specnes)

’Slze : 45-50um -

Shape oval, rather asymmetncal

Shell. ‘thnck smooth, yellow, orange or light
brown

Operculum easiiy visible (O).

A. Eggsin passagé’ (form most often found):

The shell varies in colour; it may be yellow, orange
or light brown. The egg contains an indistinct dark
yeliow oval mass, often wuth 1-4 refractile globules.’

8. Eggs from infected pamnt (very rare):

The shell is a uniform dark brown. The egg contains
a cnlnated embryo. .

Small fluke

'Egs in passage: The patient has eaten sheep or besf liver mfecmd by the flukes. The eggs of the flukes are not digestsd and,
aithough they appear in the patient’s stools, he is not infected. Repeat the examination 8 days later, telling the patient not to eat

liver or liver products in the meantime.

§. Diphyllobothrium latum

Size 70 um
Shape regular oval
- Shell - smooth and thin
.Operculum scarcely visible when not raised
Boss ~very small, at the opposite end to the
BT 2 operculum o
Content ~ a rlr;m of small eel!s round a large central
I e

. Colour pale yellow.

Cold countries

Fish tapeworm {especially)




: Dog tapeworm

. Ipylldlum unlmlm

’ "The m are found ln clusters of 6-20 enclosed in a fine

membrane.” ’

Size of the clustar 150-3mum

. 7 ofthe egg: 30—40nm

Shape  round :

Shell thick, slightly granulated without striations

Centent a smgle uniform granular mass with 3 pairs of
;efractale hooklets arranged in the shape of a

an
Colour yellow or pale grey.

world

i, dnnular mass in the shape
al, or (8) the. cmbryo of the
curled i up Iarva




- " Shell smooth and fine with a double line

Fasciola hepatica (or gigentice*)
Size F. hapetica -~ 130 um

" F. gigantice — 150 um
Shape  oval with rounded poles

“Content a mass of large indistinct cells with clear,
granular nuclei (adjust the screw of the micro-
scope to change the focus)

Colour ranges from yellow to dark brown
Other .
features finely marked operculum (O) at one pole; the
cell wall may be visibly retracted. Thickening
(E) of a small part of the wall at the other
“pole. .. T
The eggs are in small numbers in the stools (a search can
. be made by duodenal aspiration in doubtful cases).
Cases of trangmittod eggs are rare. .

*F. gigantica: found In tropical aress of Africa and Asia.

Giant intesting! fluke

8. Fascialopsis biski

Size  140um
Shape oval

a
Operculum slightly smaller (O) than that of Fasciola
‘ hepatica.

Very similar to the egg of Fasciola hepatica but with the
following differences:

(a) Shell thinner, single line, with a marked
o thickening (E) of the wall at the
A oppotite pole to-the operculum
(b) Operculum slightly smaller -
(c) Content - cells may be refractile with one clear cell

TR in the centre of the egg
:(d) Quantity the eggs are often oresent in large
RN numbers in stools.



Asia
(mainly) @

10. Hobrophyn hmrophyos
Snmilar to the eag of Clonorchls :mens/s

Siza 25-30 am

Shape more oval; the operculum does not overlap

Colour- .yellow to dark brown -

Shell slightly thicker than that of C. sinensis

" Boss tiny and wart-shaped, at the wider end of the
e9g; not always visible

Content a mass of cells, sometimes with large refractile
granules (unfertilized) or a ciliated embryo.

Rat tapaworm : Whole
) worid

- 1. Hymenoiepis diminuts
ﬁare specm (found in children’s stools) -

Size 70—80 um (much larger than 4, nana)
Shape - round

Colour = tramplrent or pale yollow

~ Shell ;. verythc :

TR ; thin external shall wsth tranaerse lines
CORRL 2 very-thick inner shell without filaments
Content:  a rounded embryo contammgﬁ hooklets
s arranipd in fan  shape. -

131




e . Dwarftapeworm m’r“";e‘..u

membrane: ften thicker at the poles, with
filaments coming away from both poles
(reduce ight to see them), mixed with
granules oc»upymg the space between the two
‘ membranes .
Colour  very pale:grey.
Content rounded mass {embryo) with 8 refractile
: hook lets arranged in fan shape and often

some well defined granules in the centre.

Important: Record whether there are many or few eggs
present.

et

ook Hot
H worm ) countries@

" 13. Necator americanus

The egg is almost identical with that of Ancylostoma (
duodensle.

Size a little longer (70 um)

Shape  poles more flattened

Content always contains at least 8 cells (never 4 like A.
duodenale in fresh stools).

14. Metagonimuz yokogewai
Similar to the eggs of Clonorchis sinensis and

Heterophyes heteraphyes .

Size 25-30um

Shape oval, with no marked bulge

Shell quite thick (the thickest of the three)

Operculum more rounded than in M. heterophyes,
_ , overlapping less than in C. sinensis
.- Boss - at the other pole, tiny or invisible
- Content  “a cilisted embryo.




"'\1“ v ' . N . . V N ) - - B - mfir : ”7:;;‘7;;
15. Op sthorchis felineus . (mainly)

Also similar to the egg of Clonorchis sinensis

Size identical {25-30 um)
Content a ciliated embryo

Some differences:

{a) Shape Slightly less wide at the base and with
less bulge; some eggs asymmetrical

(b) Operculum \ess overlap

{c) Boss rarely visible.

it is very difficult to dufferentuau between the eggs of the four oriental flukes:

Clonorchis sinensis " squat shape, operccyum with distinct overlap
Heterost:; es heterophyes =~ squat shape, darker colour

Matag\om'mus yokogawai thicker shell _

Opisthorchis felineus - . narrow, often asymmetrical shape, boss not visible.

QOriental lung fluk Far East
ng fluke {Central A:vica)@

18. Psragonimus westermani
Eggs mainly found in sputum (if swallowed they pass

into the stools).
Size . ?‘Ogy)m (smaller than the egg of the giant
uke
Shape oval, often slightly flattened on one side
Operculum quite distinct, with an obvious rim (like a
. flat cap)
Shell distinct thickening at opposlte end to ;
operculum ~

Colour golden brown
Content clc:lar central space surrounded by squarish
cells

. 17. Schistosoma bovis

" Eqggl found in the stools of patients who have eaten

- infected beef. .
_Size - very. large {200 am)

: Shm spindleshaped, with narrowed extremities
‘ - extending’ beyond the embryo

: Somc - long terminal spine

}Cor"mt small round embryo lying in the centre of the

Scale
egg but not filling it. reduced -

Thit worm does not cause disease in man. by half




 18. Schistosoma hasmatobiun
Eggs found in urine (for detection, see page 178) and

coeasionally in stools.

Size 120-150 um

Shape  oval, with one well rounded pole
Spine termmal and situated at tha other pole
Shell smooth, very thin :

Colour grey or pale vellow

Content a well-formed broad ciliated embryo

surrounded by a membrane (internal shell).

19. Schistosoma intercalatum
Similar in appearance to eggs of S. haematobium, but
found in stools. .

There are some differences:

Size
Spine
Shape

Content

- slightly larger-{150-180 um)

terminal spine longer and more tapered
spindle-shaped; less broad (sides particularly
flattened towards the rounded pole)

aciliated embryo surrounded by a membrane
with 2 depressions (d) or indentations, one on

each side: nea' the mnddle

Schistosome (vesical)

Africa
Eastern Medﬂeuanean




Schistosome (oriental) E:;t G

20. Schistosoma japonicum

Size 70-80 um

Shape  oval, almost round

Colgur transparent or pale yellow

Spme difficult to see, lateral and very small; may be
hidden by small granules (P) often found on
the surface of the egg

Content a broad ciliated embryo.

Schistosome (intestinal) Africa south of the Sahara

' Tropical America @

2. Schlnmmo mansoni

= Size 150nm (= 3 eggs of Ancylostoma)
Shape -~ oval, with one well rounded pole and one more

L j;‘conical pole .. .

‘- Spine- . - |steral, near the roundod pole, Iarge and -
o ‘ triannular (if hidden underneath, adjust the
=0 . focus‘of the microscope) )

~ Shell . smooth, very thin \

o Colour “pale yellow

*"- Content a broad ciliatod cmbryo, surroundod by a

- .- membrane (internal shell) u in all
Schi:twoma cpeciu. S :




i

Threadworm Hot
countries

22. Strongyloides stercoralis: A. Larvae
The larvae are highly motile in the stools.

Size 200-300 um long, 15 um thick

Tail - moderately tapered

Mouth _short

Digestive '

tube easily visible, with an oesophagus (O) with
two swellmgs at one end and an anal pore
(A) at the other 5

Genital : '

primordium a rounded clear space near the mlddle of
the larva (E).

Stmnyylaldn :tereomllc B Eus

. Threadworm ems are seldom seen in formed nools

- because they.hatch before evacuation to produce the
larvae described above. They mey, e.found in
liquid stools (and owasionally in the
carrim of eemin strains).

The m are very similar to those of Ancylostoma
duoden e.

o ;Size T vSOum (slightly smaller) :
le . similar to that of Ancylostoma
~-Shel- - similsr to that of Ancylostoma
Colour - similar to that of Ancylostoma
, a thick larva curled around itself one or more
-2 times and sometimes motile.-
Wy

:‘




23. Teenie saginata
24. Teenia solium®

The “eggs’’** of these two tapeworms are practically
identical. Thiey may be found in stools and T. saginata
eggs can also be collected from the skin around the anus
(see page 119). '

Size 30-40um

Shape  round . :

Shell very thick, smooth, with transverse lines
(reduce illumination)

Colour — shell: dark yellowish-brown
— content: light yellowish-grey

Content a round granular mass enclosed by a fine
membrane, with 3 x 2 refractile lancet-shaped
hooklets (adjust the focus)

External sometimes the egg is enclosed in a floating

sac transparent sac.

* Taenia solium infection is mainly restricted to regions of low
socioeconomic development in central and southern Africa,
Latin America and Southern Africa.
-** The correct term for these “'eggs” is “embryophore’’: an
embryonate egg that has lost its outer sac.

. TdMngylué (several species)
Quite similar to eggs of Ancylostoma duodenale

Size _80-90 um (slightly larger than A. duodenale)
Shape = oval, asymmetrical: -
— _one pole rounded
— ‘one pole narrower .
Shell very thin, like Ancy/ostoma sheli
Content in fresh stools: a mass cf at least 20 small
© round granular cells. The egg quickly develops
into an embryo. -

" 28. Trichurls trichiura

i Size - 50um

- Shape _ barrel-shaped :
.- -Sholl - -~ {airly thick and smooth, with two layers
'Colour: - sheil orange, content yellow
features - a rounded, transparent plug at each pole ,
. Content _ a uniform granular mass (sometimes divided

"'in old stools).

. Important: it is important to specify whether there are

many or few whipworm eggs present.

Whipworm




1. Starch granules from plants

Size  -50-100um o

Shape round or oval and elongated, but the outline
is always irregular, with rough indentations

Shell thick in places, very irregular, with cracks

Colour  whitish or greyish-yellow; iodine solution
turns it to violet ,

Content masses of starch packed closely.

These granules are the residue of starchy foods such as

potatoes, beans, yams, cassava.

2. Digested meat fibres

Size 100-200 um T
- Shape  oval or rectangular with rounded corners
Colour vyellow
Content transparent with no granulations or lines
, (or residual lines where meat is not properly
digested).

3. Soaps

Size 20-100 um . «

Shape  round, oval or irregular (Iike{\section of a
tree trunk) 3

Colour brownish-yellow or colourless

Content lines radiating from the centré-and visible near
the rim; nothing in centre.

4... Air bubbles — il droplets

Size -variable {can be any size) . -
Shape - perfectly round S

shell circular ring, very refizziile (several layers in
ke e case of oil) _ AL

Con nonhe. B

: Nota the great differences of size present in the
= : ‘mm' ‘,A N

ERIC

Aruitoxt provided by Eic:




5. Plant hairs *(50-300 um)

Size very variable (50—-300 um)

Shape rather rigid, often curved; wide and clean-cut
at one end, tapered at the other

wolour pale yellow -

Content a narrow empty central canal between two
transparent refractile layers.

6. Pollen grains and fungus spores

"Vary widely according to the part of the world and the
diet. Their peculiar and distinctive geometrical shapes
and other features (saw-like or rounded projections,

etc.) help to distinguish them from the eggs of parasites.




" _COMMON EGGS and some oonfuung microscopical structures

1 2 2
13

-
T , : Roundworm Roundworm
Hookworm .~ = {fertilized) (unfertilized)
2 2

Roundworm " Roundworm

(fertilized; (unfertilized;
Sturch granule Soap semi-decorticated) semi-decorticated)
26 12 23 7
24

Whipworm . H. nana Tapoworm Pinworm

22

-Plant hair

Threadworm{larva)




LESS COMMON EGGS

EGGS FOUND IN ASIA

Threadworm {egg)

Fragment of maeat
{muscle fibre)

 Lung fluke

18

4 20 3
Lancet fiuke {(from Lancet fluke S. japonicum C. sinensis
infected person) (in passage) {common) {common)
5 11 10 15
L
Fish tapeworm - H. disninuts H. heterophyes O. felineus
22 25

ERI

Aruitoxt provided by Eric
i




L4

HOW INFECTION BY INTESTINAL PARASITES OCCURS

It is useful for the laboratory technician to understand the ways in which infection by intestinal parasites can
occur, so that he can give advice on hygiene to those around him and avoid infection himself, particularly in the

laboratory.
Hookworm
Roundwo:m

.Threadworm

Schistosomes
Fish tapeworm

Flukes:

— giant flukes
— lung flukes

~— lancet flukes
— oriental flukes

Pinworm

Beef and pork
tapeworms

Cysticercus of
pork tapeworm

Dog tapeworm
Dwarf tapeworm

Rat tapeworm

by walking barefoot on ground contaminated by stools; by playing on the ground {children)

by eating raw vegetables and salads without washing them well; by playing on infected ground
{children)

by walking barefoot on ground contaminated by stools; by autoinfection;* in the laboratory,
by touching stools with the hands :

by bathing in streams or ponds contaminated by stools or urine
by eating undercooked lake or river fish

by eating unwashed salads

by eating undercooked river crabs

by swallowing infected ants {in unwashed salads or in playing in grass — children)
by eating undercooked river fish

by contact with infected persons with dirty hands (children playing togéther) and by auto-
infection

by eating undercooked infected meat

by eating raw, unwashed vegetables or by autoinfection
by swallowing the fleas of an infected dog (children)

by eating contaminated vegetables; by contact with persons who have infected themselves; and
in the laboratory v

by swallowing rat fleas

Whipworm by eating unwashed vegetables and salads
Trichostrongylus by eating unwashed salads {Asia).
-
Protozoa** e

Entamoeba histolytica and Giardia lamblia

by drinking contaminated water, eating unwashed salads, contact with infected persons with dirty hands, and failure
to observe the rules of cleanliness /n the /aboratory

Balantidium coli

by eating unwashed vegetables; by contact with pigs {farms).

*Auto- or self-infection: the patient reinfects himself, thus perpetuating his disease.
**For identification of intestinal protozoa, see pages 147 and 156.

- 1.1



5. Adult Worms Found in Stools

Worms brought to the laboratory for identification may
have been found in stools, in clothing or bedlinen, or
during a surgical operation.

What to examine:

their length

their shape

whether flat, segmented or not
whether cylindrical {round) or not.

'A. COMMON SOUNDWORMS

1. Large Roundworm — Ascaris

Colour pinkish

Thickness 0.3-0.5cm

Length male — about 15cm, with a curled tail
female — 20-25 cm, with a straight tail

2. Small Roundworm — Pinworm

Colour white .
Length female — 1 cm, with a very pointed tail
male — 0.5 cm (males ara less common).

Pinworms are found in large numbers, especially in
children’s stools, and are motile. - ’

They may aiso be found in the folds of skin round
the anus, where they are collected with a strip of
adhesive cellophane tape (see page 119). = -

119




SEGMENTED FLATWORMS —~ TAENIAE

Colour  ivory white or pale blue

Length total worm, 3-10m; but single mature
segments (1-3 cm long) or fragments of
the chain, quite variable in length, are
usually presented for examination.
Important C )
If there is a delay in examination, separate pieces
may dry up and roll around themselves, looking like
roundworms. Moisten them with water to restore
their shape. o

Examination

1.
2.

Examine a chain of segments to observe the arrange-
ment of the lateral pores.: =

Examine a single segment gently flattened between
two slides. ’

Hold the slide against the light to observe and count the
uterine branches with the naked eye.

3.

To examine the head (scolex):

— Pplace the whole worm in a Petri dish filled with
water (or on a plate)

~ using forceps, transfer the wcrm little by little
into another dish; untangle it, starting with the
thicker end ' )

"= if at the end of a very narrow section (the neck)

~a swelling the size of a smal! pinhead is found,

. axamine:it with a magnifying glass or under the

. microscope (x 10 abjective). The head is rarely.
ound. > e i
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" Mostcommon .- - -

long

They are"pun of an
intestinal worm 3-6m

Less common
BEEF. TAPEWORM PORK TAPEWORM DWARF TAPEWORM DOG TAPEWORM
{ Taenia saginata) { Taenia solium) {Hymenolepis rana) (Dipylidium caninum)
kg rectangular Smail chains of A small worm 2-4cm A worm 5-30¢cm long
segments found 3-4 rectanguiar long
in underclothes and segments found
in the bed; they in the stools
_pass through the
anus independently
of the stools

N

Pores arranged in

RS

Pores generaliy

Pores all on the same side

=D

Two pores Gn opposite

segment of 1-2¢cm

(y ’ET{ J

LT

(S
- o JA[(’

About 20 uterine
branches

of 05-1.5cm

About 10 uterine
branches

. visible

Uterine branches hardly

irregular alternation arranged in regular sides of each segment
alternation
Ivory white Pale blue segment 1mim wide Reddish segment of

0.3-05¢cm

Two bunches of uterine
branches

4 ﬁcgers

2 crowns of hooklets

1 invaginated crown of 4 external crowns of
(2 min diaméeter). — 4 suckers (1 mm hooklets — 4 suckers e hooklets — 4 suckers
Verv'thin neck. diameter) {0.5 mm diameter) { (0.5 mm diameter)
N - . e

(OTHER TAPEWORMS:.

i Dibothrioupholut Ii}oﬁnd mainly in cold climates,

Echinococcus is found in dogs; only the hydatid cyst is found in

man.

14




fD ) OTHER WORMS f B

. Rarely found in the stools Occasoonally found in a patient’s organs during a surgical operation. Flukes are found in
- the liver and intestines. : )

Actual size Under a magmfymg glass
{or mlcroscope)

Hookworm _
A smal! round worm (like a piece of thread).

tength 1-15cm
Colour white, or red if it contalns blood.

Resembles the pinwerm.

Examine the head. under the microscope (x 10
’ objectlve) —

Whipworm
A small thin worm.

“Length 3-5cm
Colour  white."

Looks like a tiny whip, one third being relatively thick
and the rest thread-like.

The worm lives in the wall of the caecum or,
occasionally, the rectum.

N
kY
Fluke :

A flat worm with two suckers looks like a leaf.

Large fluke 2-3cm lg| Qg, fairly broad, brownish-red or
-~ dull white*(LF)
Small fluke . 0.5-1cm long, narrower, transparent
greyish-red (SF).

Schistosome

A small thin worm.
Length .0.5-1.5cm
Colour white.

‘ . The flat male is rolled around the thread like female
. worm, which is a little longer. Each worm has two
wck'ers,near the head.




6. Amoebae, Flagellates and Cillates: Motiie Forms

Definitions
Protozoa are microorganisms consisting of a single cell.

They \nay be found in stools in their motile form
{trophozoites) or as cysts.

The trophozoites of protozoa are motile:

— either because of slow movements of the cell
{amoebae) '

— or because they have rapidly moving flagella (long
whip-like threads) or cilia (numerous short hairs).

Protozoa in motile form are chiefly found in:

— fluid stools
— stoGss containing mucus
— soft unformed stools.

Classification

" Without flagella or cilia AMOEBAE
With ftagelia FLAGELLATES
With cilia CILIATES

Preparation of slides for examination
1. Examine only fresh stools (maximum 1 hour old; amoebae become non-motile very quickly). ™

2. If you receive a number of stool specimens at once, begin by examining the most fluid specimens containing
mucus. :

3. Take a portion from the outside of the stool where mucus appears.

4. Examine in a sodium chloride solution (reagent No. 45), warming slightly in low temperatures, or examine
directly if the stools are very liquid. Use the x 40 objective.

5.. Iniodine solution (reagent No. 36) the trophozoite forms become non-motile. The nucleus is clearly
stained but it may be difficult to distinguish between trophozoite and cystic forms.

6. If a drop of eosin, 20 g/l solution in saline (reagent No. 21) is added, the whole field becomes stained except for
the protozoa {particularly amoebae), which remain colourless and are thus easily recognized.

L




List of intestinal protozoa

Some intestinal protozoa are pathogenic; others are less so or are harmless. All these parasites are found throughout

the world.
A. AMOEBAE
1. Entamoeba histolytica This amoeba, which may cause dysentery or abscesses, is the only amoeba that is
commonly pathogenic in man

2. Entamoeba coli Non-pathogenic, but very common

3. Other amoebae: Non-pathogenic.
— Entamoeba hartmanni They are difficult to differentiate but differentiation is not really necessary; it is
— Endolimax nana enough to be able to distinguish them from E. histolytica.
— lodamoeba butschli
— Dientamoeba fragilis

B. FLAGELLATES

1. Giardia lamblia Pathogenic

2. Trichomonas hominis Non-pathogenic

3. Chilomastix mesnili Non-pathogenic.

. C. CILIATES
1. Balantidium coli Pathogenic.

The chief problem for the laboratory, therefore is:

— the precise identification of: E. histolytica
G. lamblia
B. coli

o o b 1.“:_
ERIC.. "8 s o




Cytoplasfm;,

Nucleus —

 Some features useful for the recognition of motile forms of intestinal protozoa

Pseudopodium

Ectoplasm

Endoplasm

R

Vacuole — .

Inclusion bodies:

(a) red blood cells

Inclusion bodies:

{b) bacteria, yeast célls,

debris
Nuclear membrane (chromatin)
Nuclear
karyosome
| 3
. Y

 Flagellum —

e

~Undulating membrane
Q

FRIC.

Aruitoxt provided by Eic:
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A. AMOEBAE |
1. Entamoeba histolytica (dysentery amoeba)

- . Size varies ffrdrﬁ?‘l 2 t0-35 um (usually as long as
- 3 or 4 red blood cells)
Shape when moving, elongated and changing;

o when not moving, round
Motility moves in one direction, a pseudopodium
pushes forward and the endoplasm flows
quite rapidly. into it =

Cytoplasm - the ectoplasm is transparent, quite :
different-from the fine granular texture of
the endoplasm (greyish, shot with

" yellowish-green), which may contain
vacuoles v :

Nucleus not visible in the matile form, but when
stained with iodine solution clearly seen to
have a regular membrane and a small dense
central karyosome (a black dot).

" Two motile forms of E. histolytica can be found in
liquid or diarrhoeal faeces:

(a) the magna form, measuring 20-35 um, with
vacuoles containing more or less digested red blood
cells (1 to 20 of different sizes) indicating haemato-
phagous (blood-eating) activity and so pathogenic
capability; .

(b} the minuta form, non-pathogeniz, thriving in the
intestinal cavity, where it eats bacteria or other local
material that can be seen inside the vacuoles;

measures 12-20 um,

2. Entamoeba coli

Size 20-40um (usually bigger than E..
histolytica)
Shape oval or elongated, rather irregular

Motility often non-motile or.moving very slowly,
putting out blunt pseudopodia in all
, directions, gropingly o
Cytoplasm both the ectoplasm and the endoplasm
granular and difficult to differentiate

Inclusion R R
bodies numerous and varied (barteria, yeast cells,
, dell.:ris,of all sorts), but never red blood

i Nucleus visible in the fresh state, without staining.
.- - The membrane is irregular and granular

~ (like 8 bead necklace), the karyosome large

~‘andeccentric, |

-




Dysentery amoeba
Entamoeba histolytica

Amoeba of the colon”
Entamoeba coli

Motion Ina defin?te direction Haphazard
Mottty Fairly motile Non-motile or barely motile
Ectoplasm Transparent, quite different from Little or no differentiation from

the endoplasm

the endopiasm

Inclusion bodies

Red blood cells if haematophagous

Bacteria, yeast cells and various
debris, no red biood cells

Ndc/eus
{fresh state)

Invisible

Visible (nuclear membrane like a
bead necklace)

Nucleus
(after staining
with iodine solution)

Regular membrane
Small dense central karyosome

Irregular membrane
Large eccentric karyosome

Entamoeba histolytica

ERIC

Aruitoxt provided by Eic
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(stained with jodine solution)

Entamoeba coli

151



3. Other Amoebae '

Entamoeba hdrtmanni
-Size small, always less than 10 um (about the size
of a red blood.cell)

All characteristics similar to those of £. histolytica but
never contains red blood cells. There may be distinct
vacuoles.

Endolimax nana

Size small, 6-10um
., Motility  many small rounded pseudopodia moving
slowly in all directions.
Cytoplasm very granular with small vacuoles

Inclusion
bodies various (mainly bacteria)
Nucleus (iodine solution) karyosome like an
ink-spot.

‘lodamoeba butschli

Size medium-sized, 10-15um

Shape compact, leaf-like

Motility very slow; clear, rounded or finger-shaped

pseudopodia

Inclusion

bodies bacteria, large vacuoles

Nucleus (iodine solution) a large oval karyosome

next to a group of granules.
1. butschli amoebae are rarely seen in stools.

" Dien:amoeba fragilis

Size small, round, 6-15um

Motility either non-motile (most often), or very
motile (in very fresh fluid stools), with
pseudopodia like the blades of an electric
fan; quickly becomes nor:-motile under the

coverslip

Cytoplasm clear ectoplasm

Inclusion

bodies bacteria

Nucleus (iodine solution) 1 or 2 nuciei; karyosomes
split into 4-6 granules (membrane hardly
visible).

Foo



B. FLAGELLATES

~ All these parasites, with the exception of Trichomonas

homins, can appear in an active flagellate vegetative
form or as inactive cysts. The cysts are described on
page 158).

1. Giardia lamblia (the |ongest flagellate)

Size 10-18 um {size of 2 red blood cells)

- Shape rather elongated:

front view: like a pear
side view: spoon-shaped

Motility either moves forward in little rapid jerks in a
definite direction, sometimes turning in a
loop (fluid stools), or hardly motile

Content 2 large oval nuclei, faintly visible.

Importiant:

— the characteristic movement is seen only in fresh
liquid stools

— flakes of mucus in fluid stools oft:n contain clusters

of G. lamblia in large numbers

~ the vegetative and cystic forms of G. Jamblia are
often found together in soft stools.

¥

2, Tﬂchamom; ‘hominis

Size ~ 10-15 um (slightly smaller than G.

‘ . lamblijs) .

Shape - oval with 2 pointed poles

Motility ~ whirls and turns in all directions, seeming
' '+ " to.vibrate .

Undulating

membrane . present on one side only; extremely motile
" (arapid wavy movement)

Nucleus 1 nucleus,; difficult to see

Flagells usually 4,

_ Trichomonas is the most ret;stant flagellate. It remains
" motile even in old stools.




3. Chilomastix mesnili

Size 10-16um
Shape triangular and tapered at one end, looking
twisted

Motility moves in one definite direction, in a spiral
Cytoplasm greyish-green with:

— towards the tapered end: a distinct
spiral marking, around which the
flagellate turns (figure-of-eight)

— near the rounded end: a mouth-like
cleft (faintly visible cytostome)

Nucleus one nucleus, easily visible in unstalned
preparations.

C. CILIATES

1. Balanudlum coli (rare)

Size very large — 50 um (often as blg as or bigger
than a roundworm egg)

Shape  oval, with one pole more rounded than the
other, transparent

Cilia covered with many small cilia, which move
with rapid strokes

Motility moves very rapidly in stools, crossing ‘the
field in"a definite direction and sometimes
turning in circles

Nucleus a large kidney-shaped nucleus next to a small

: round nucleus.

“Mouth”’ the cytostome: a sort of mouth that contracts

and expands, drawing in debris.

“ Important: If stools are left exposed to the air, without a lid, organisms of the infusoria type may fall on to them
s 'from the atmosphere These look rather like Balantidium coli. ,




7. Amoebae, Flagellates and Ciliates: Cysts

Cysts are the small round non-motile resistant forms of certain intestinal protozoa (see page 147 for motile forms).
Cysts may have one or several nuclei.

Importance of cysts

(a) Clinical importance
The clinical importance of cysts varies from country to country. The essential thing is to be able to find and

récognize cysts of Entamoeba histolytica, Giardia lamblia and Balantidium coli, although their presence in the

stools is of less immediate significance than the presence of the vegetative forms. Healthy persons may be
carriers of cysts.

(b} Importance for public health

The cyst is the infective form. Carriers of cysts, therefore, are a public health hazard. Detection of cysts may
also be of epidemiological value.

Stools containing cysts
Cysts are usually found in both soft and hard stools.

Slide examination

1. Preparation in sodium chloride solution (reagent
No. 45)
Cysts can be seen as transparent refractile globules
standing out clearly against the grey background.
They have well-defined shalls.

2. Preparation in jodine solution ( reagent No. 36
diluted 5 times)
The nuclei become stained. Examine under the x 40
objective,

3. Counting the nuclei : ]
Turn the fine adjustment screw of the microscope.

4. Identification
It is never enough to recognize a single cyst; identi-
fication depends on the observation of severa/ in
succession.

5. Concentration
If necessary, use the formaldehyde-ether concen-
tration method (see page 165) to examine a larger
number of cysts for surer identification.

Cysts of several different species may be found in the /
same stool specification.
.
1 ra) .
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Some features useful for the recognition of cysts of intastinal protozoa

Cyloplasm

Nuclei /

Nuclear membrane
(chromatin)

Regular, thin Irregular, coarse
chromatin chromatin

Karyosome

Small central Large eccentric
karyosome karyosome

Chromatoid body
(refractile)

Rounded chromatoid Sharp serrated

body chromatoid body
Glycogen vacuole
(turned reddish-brown
by iodine solution)
‘Fibrils {vestiges of flagella)
| R P2¥ ¥



CYSTS OF AMOEBAE

Entamoeba hlffbliﬂea
This amoeba causes dysentery.

Size 12-15 um {1%-2 red blood cells)
Shape round
Nuclei 1-4 nuclei:
— membrane thin, regular, circular
— karyosome small, compact, central {like
ablack dot) - -
Cytoplasm (iodine solution) yellowish-grey and ,
" _..granular; looks “dirty’ ,
Chromatoid . ;
bodies oblong, rounded at ends (sausage-shaped);
not found in all cysts I
Vacuole sometimes a large glycogen vacuole (stained:
reddish-brown by iodine solution) in young:
cysts with 1 or 2 nuclej. ;

Cysts of oiher amoebae that do not cause disease

Identification difficult. The main thing is to differen-
tiate between them and the cy'sts of E. histolytica.

1. Entamoeba coli

Size 12-20 um (2-2% red blood cells; a little
larger than the cyst of £. histolytica)
Shape round or slightly oval, sometimes irregular
Nuclei 1-8 nuclei:
: — membrane irregular, thick in parts, not
a perfect circle
— karyosome large; diffuse, often
eccentric
Cytoplasm (iodine solution) pale yellow, bright (as
compared with £. histolytica)
Chromatoid
bodies sharp or jagged ends (dagger-shaped or -
- needle-shaped); not found in all cysts
Vacuole sometimes a very large vacuole (stained
: brownish-red by iodine solution) com-
pressing two nuclei, one at either pole.

2. Entamoeba hartmanni

Size small cyst, 4-8 um (% to same diameter as
: - red blood cell)
Nuclei 1-4, identical with those of £. histolytica.
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: Size - qunte small;8-10 um
Shape more or less oval
Nuclei 1-4
: . = membrane: cannot be seen
— karyosome: large, irregular outline
Cytoplasm clear, without granules; turned deep
yellow by |od|ne solutlon

Size st, 8-10um
Shape round, oval or irregular)
“Nucleus: most always a single nucleus

— _membrane: cannot be seen
~ karyosome: very large, oval, pressed.
' against a cluster of gi'an'ules -
Vacuole  a very large glycogen vacuole (stained
brownish-red by iodine solution, hence the
name /odamoeba), often taking up half of
the cyst.

5. D:MMooba fragilis
Not foundin cyst form.

CYSTS OF FLAGELLATES AND CILIATES
1. Glardia lambiis

Size 8-12um
Shape oval, one pole more rounded than the other
Shell often appears to be a thick shell with a

double wall; in fact, the second wall is the
membrane of the cytoplasm
Nuclei 2-4 oval nuclei:
— membrane: very fine
— karyosome: small, central, faintly
coloured
Cytoplasm clear, refractile when unstained, pale
yellowish-green or bluish in jodine solution
Fibril refractile, hair-like line, folded in two or S-
shaped, placed lengthwise in the centre of
the cyst (adjust microscope).

2. Chllomnﬂx mesnlili

Size -small cyst, 6-8 um
Shape round, one pole tapered (like a pear)
Nucleus - a smgle large nucleus:
' membrane: clearly seen;thick in parts
_ . — . karyosome: small and central
- Fibril twisted, like a curled hair.
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orze. very 1arge cyst, bU-/0 um {the size of a
- roundworm egg)

Shape round

Shell thin, double wal/

Nuclei 1 large kidney-shaveri nucleus

| 1 small nucleus like & thick dot beside the

large nucleus

Cytoplasm granular, greenish, filled with inclusion
bodies.

- Often the ciliated, organized and slightly motile
Balantidium trophozoite can be seen faintly inside.

Conclusion
It is most important to be able to identify:

— cysts of ENTAMOEBA HISTOLYTICA
- cystsof GIARDIA LAMBL /A
—- and cysts of BALANT/DIUM COL].

w e




41, Blastocystis

Size varies from 5 to 20 um (average 10 um)
Shape round or oval, sometimes with angular
irregular edges

Content  one large vacuole taking up almost the whole
cell; the compressed cytoplasm forms a
granular ringround-it

Colour very refractile when unstained; the vacuole
is not stained by iodine solution, but the
periphery is pale yellow.

Some physicians request that the presence of
Blastocystis be reported, particularly in children’s
stools. ‘

2. Yeasts

Size small {5-8 um)

Shape oval, often with buds

Content  often an eccentric cluster of 3-6 small
+ granules

Colour {iodine solution) brownish red.

Some related forms of yeast are rectangular, with a very
clear oval cytoplasm inside: arthrospores.

3. Leukocytes

Size 10-20 um

Shape round or slightly elongated, with an irregular
outline

Content  refractile cytoplasm, clear and granular with
tiny vacuoles

Nucleus  indistinct, sometimes with a starshaped
‘'false karyosome’’. ,

*Artifact: other thitigs, living or artificial, present in tiie stool
;= that are not parasites and could mislead the laboratory worker. ,

ERIC

Aruitoxt provided by Eic:
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4. Pus

Pus can be seen by the naked eye as opaque, greyish
streaks (not transparent like mucus). Under the micro-
scope it appears as a mass of more or less degenerate
leukocytes (report its presence).

5. Coccidia

These are protozoa that may be parasites of man
{without causing any significant pathogenic effects) or
may be found in transit in the stools following the
consumption of infected food (fish, rabbit, etc.). They
appear in the stools in a f~rm resembling cysts (called
oocysts or sporocysts).

Size
Shape

Colour

Shell

Content

16-20 um, depending on the species

an elongated oval, sometimes tapered at one
pole . :
colourless and transparent {or occasionally
pale yellow

a quite distinct, slightly refractile double
line; sometimes a sort of operculum at one
pole .

three types:

(a) 4 sporozoites (small banana-shaped rods),
each containing.a small round nucleus; some-
timés a few large granules masse at one pole
(b) one large round granular cell

(c) refractile granules completely filling the -
interior.




Advantages of concentration

Concentration of parasites, sometimes called the “enrichment technique’’, makes it possible to:
— examine a greater quantity of stools in less volume
— detect parasites present in very small numbers.

Important:

A direct microscopical examination of stools must always be made before preparing a concentration. (Motile forms
of protozoa are not found in concentrated preparations.)

TECHNIQUES

Three different concentration techniques are described:
1. Willis sodium chloride solution technique

2. Formaldehyde-ether or MIF technique

3. Harada-Mori technique for Strongyloides |arvae

The appropriate technique is chosen according to:

(a) the equipment available :

(b) the parasites sought

(c) the time available

(d) other considerations (such as cost-benefit factors in surveys).
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Recommended for: . Not suitable for:

Eggs of hookworm, roundworm, H. nana, Taenja, Eggs of flukes and schistosomes, larvae of threadworm,
whipworm (best method for detecting the presence of protozoa.

hookworm).

Principle

The stools are mixed with a saturated solution of
sodium chloride (increasing the specific gravity). The
eggs are lighter in weight and float to the surface, where
they can be collected.

MATERIALS |

10 ml (penicillin} bottles
Wooden applicators

- Glass coverslips ‘
Ethanol - Y
Ether - e
Petri dish -

. Willis solution (reagent Mo. 58).

I T T T G

METHOD

Preparation of gresse-free coverslips -

(a) Mix in cylinder: -
— 10ml 95% ethanol and 10 m! ether

(b) Pour into a Petri dish and in it place 30 coverslips,

- one by one; shake and leave for 10 minutes

(c) Take the coverslips out one by one and dry them

© with gauze . -

(d). Keep them in a dry Petri dish.

1‘:. . le"a':'pbf;tigh of stool, approximately 2 mlr,('2 cm?),
..~ in apenicillin bottle. Quarter-fill the bottle with

- Willissolution:




2. iJsing an applicator, crush the portion of stool and
mix it well with the solution. Then fill the bottle to
the top with Willis solution. The suspension should
be completely uniform.

3. Place a coverslip carefully over the mouth of the
--bottle.

4. Check that the coverslib ié in contact with the
liquid, with no air bubbles. Leave for 10 minutes.

5. Remove the covershp with care; a drop of |quld
should remain on it.

Place the covershp on a slide and examine. under the
microscope at once, for the preparation dries very
quickly. Otherwise seal the coverslip with petroleum
jelly (Vaseline) and wax.

Use the fine adjustment of the mlcroscope to examme
a‘very object visible in the field (for eggs tend to stuck to
he. covenllp and are not ammedmtely dastmct)




10. Concentration Method using Formaldehyde-ether or MIF

Recommended for:
All eggs and larvae, and especially cysts of protozoa.

Not suitable for: 7
Motile forms of amoebae and flagellates\. —

MATERIALS

Electric centrifuge

15 ml conical centrifuge tubes with stoppers
Penicillin bottles

Funnel

Gauze

Graduated cylinder

Cotton wool swab.

[ O O

REAGENTS

Formaldehyde solution (reagent No. 26)

Pure ether (if unavaiiable, ordinary petrol (gasoline)
Sodium chloride solution (reagent No. 45)

Lugol iodine solution (reagent No. 36)

MIF (reagent No. 39), if available.

FORMALDEHYDE-ETHER METHOD

1. Take about 2ml (2cm?) of stool. Crush and mix it
in about 10ml (10 cm?) of sodium chloride
solution. T

2. Filter through two layers of gauze into a centrifuge
‘tube graduated with-10 ml and 13 m| marks.

3. Centrifuge for one minute at medium speed. Pour
off the supernatant fluid. if the supernatant fluid is
- very cloudy, wash the deposit again, i.e., mix it with
10 ml of sodium chloride solrtion, centrifuge for
one minute at medium speed and pour off the super-
natant fluid. . - o . )
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4. Add 10 ml of formaldehyde solution (reagent No.
26) to the deposit {up to the 10 ml mark).

§. Stir the mixture well and let it stand for 5 minutes.

6. Add 3 ml ether or petrol (up to the 13ml mark).
Important: make sure there is no open flame in the
laboratory.

7. Stopper the tube. Turn it on its side and shake
vigorously for 30 seconds.

8. Remove the stopper carefully. Centrifuge for one
minute at low speed.
There will be four layers in the tube: ==
— 1stlayer: ether . (1)
— 2nd layer: debris ‘ v
— "3rd layer: formaldehyde solut:on
— 4th layer: the deposit, containing the eggs and

: - cysts of parasites. - O

rarars
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1. i@ fayer of debris by rotating the tip of a
wooden applicator between it and the sides of the
tube. Tilt the tube and pour off all the supernatant
fluid. Use a cotton swab to remove any debris
adhering to the side of the tube.

10. Mix the remaining fluid well with the deposit by
tapping the tube gently.

[

/) @

11. Place two drops of the deposit on a slide. Add a
small drop of iodine solution to the second drop of
deposit only.

12. Place coversli_ps over both drops.
Examine under the microscope.

P "n 1 (unstained): use x 10 x 40 objectives
{eggs, larvae?).

Preparation 2 (stained): use x 40 (cysts?).

Stools received in formaldehyde preservative:
Follow the same method, but in step 1 use distilled water instead of sodium chloride solution.

METHOD USING MIF
Follow the same steps as for the formaldehyde-ether method, but replace the 10 m! of 10% formaldehyde solution
with 10m| of MIF. Then continue, adding 3 ml of ether, etc.

- This is an excellent method of preserving the vegetative forms of amoebae, but the reagent is expensive,

’




11. Concentration Method for Strongyloides larvae (Harada-Mori)

Privuinly

Strongyloides |arvae in stools migrate again:® the cyrrent of capillary water that rises in a paper strlp that is
partially subsiizrasdd i a test-tube, and they accumulate at the bottom of the tube.

MATERIALS

— Test-tubes (20 x 200 mm)
— Strips of filter paper (30 x 150 mm)
— Spatula.

TECHNIQUE

(a) With the spatula spread a small quantity of faecal specimen along a strip of filter paper (previcusly folded
lengthwise to keep it straight) but leave the last 4 or 5cm clean to be put into water.

(b) Put the strip of filter paper, clean end first, into a test-tube containing filtered or boiled water 2.5 to 3 cm deep;
the bottom of the strip should not touch the bottom of the tube.

{c) Record the serial number or name of the patient indelibly on the tube.

(d) Keep the tube for 7-8 days at laboratory temperatura with a cotton stopper or, preferably, sealed with
cellophane tape.

{e) Look for the larvae at the bottom of the tube and examine them, after treatnyent with iodine solution, to
differentiate Strongyloides from hookworm larvae (see next page).

Note: Strongyloides larvae can attain the infective stage in these conditions {Producing filariform larvae) or can become adult worms.

[~
e
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LARVAE FOUND IN STOOLS

The larvae most commonly found in
Ancylostoma (hookworm) are found

stools are those of Strongyloides (threadworm). Occasionally those of

— Threadworm larvae: in both fresh and old stools,
— Hookworm larvae: in old stools (24-48 hours) only.

The difference between them can be seen under the microscope after staining with iodine solution.

LARVAE Te:RE ™ HODKWORM
length 200-300 1 2GD-300 4
breadth 15u 15u
oesophagus {O) two two
swellings® swellings®
mouth (M) short: 4 long 15u
{% red cell) (2 red cells)
posterior slightly very
end tapered tapered
genital large and small
rudiment (GR) distinct {22 i) (7 )
anal pore 50 u from 80 u from
(AP) posterior end posterior end

“Larvae with two oesophageal swellings are called rhabditiform

larvae,

THREADWORM HOOKWORM




12. How to Record the Results of Stool Examinations

Example:
Mr Amala — Stool examination — 8.5.79.

The following details should be given when recording
the results of a stool examination:
1. Consistency of stools = | Soft, unformed stools
2. Abnormal features seen with the naked eye ——————— |  Flakes of mucus present
3. Parasites found by microscopic examination Presence of:
specifying:
e 2 1=1] P2 Giardia lamblia
— stageofdevelopment ..................... Vegetative forms
— quantity ......... ..., Numerous

1. CONSISTENCY OF STOOLS

They may be:

hard and dry
firm and formed

- soft and formed
soft and unformed
semi-liquid (muddy) .
liquid and watery.

[ T O

2. ABNORMAL FEATURES

The following may be seen with the naked eye:

flakes of mucus (colourless slimy substance like phlegm)
mucous membranes

bloodstained mucus

streaks of pus

blood superimposed on the stools, which then are red in parts.

[

3. PARASITES

Species  worm eggs: give the common English name: (together with the Latin name in the case of schistosomes,
flukes and tapeworms).
protozoa: give the scientific Latin name.
Scientific )
name first name (the genus): write with a capital letter, e.g. Schistosoma.
second name (the species): write with a small letter, e.g. mansoni.
Stage eggs, larvae, vegetative forms, worm segments, etc. When descnbnng E. histolytica, always specify
* whether it contains ingested red blood cells.
Quantity occasional {1-2 eggs per slide); a few (3—5); a moderate number (6—12); many {more than 12).

If no parasites are found, state: “No ova or parasites seen’’, and specify whether this result was obtained by direct
examination—or by a concentration method (name method used). Never state categorically: ""No parasites”’.

T i




EXAMPLES OF REPORTS ON STOOL EXAMINATIONS

MrA

MrB

MrcC

Mrs D

MrE

MrF

Mrs G

) "Mr H

Stools hard and dry.
Few eggs of Trichuris trichiura found by direct examination.

Liduid stools, shewing bloodstained mucus.
Moderate number of vegetative forms of E. histolytica, a few eggs of hookworm.

Firm, formed stools.
Direct examination: no ova or parasites seen.

Soft, unformed stools.

No ova or parasites seen by direct examination or after concentration (formaldehyde-ether method).

Semi-liquid, muddy stools.
A few larvae of Strongyloides stercoralis found by direct examination.

Stools soft and formed, showing streaks of blood.
Occasional eggs of schistosomes (S. mansoni} present.

Firm, formed stools,
A few segments of Taenia saginata present.

Stool specimen received very small and dried-up.
Direct examination: no ova or parasites seen.
State of specimen made examination for vegetative forms of protozoa impossible.
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MODEL STOOL EXAMINATION REPORT FORM

The technician ticks the appropriate word(s) and fills in the spaces.

PARASITOLOGICAL EXAMINATION OF STOOLS

APPEARANCE OF STOOLS

Hard dry ' Presence of:

Firm well-formed

Soft — pus

Semi-liquid — mucus

Liquid — bloodstained mucus

- fresh blood
— occult blood

MICROSCOPICAL EXAMINATION

No ova or parasites seen by direct examination
! after concentration
(method(s): . . .. . oottt i i i e
.............................................. )
Parasites present by direct examinatioﬁ ................................
after concentration
(method(s): .. .. .o i i i i e
......................................................................................... )
ADULT WORMS SEEN WITH THE NAKED EYE
Date . .. . e e e e e SIgNed . . . e e e e e

In some countries the report forms include a list of the principal types of parasite that occur.

Parasites present: The technician checks the appropriate word(s) as follows

Eqgs of hookworm + {some ggs)

Eqgs of Ascaris ++ (eggs fzirly numerous)

Eqags of H. nana +++ (eggs very numerous)

Eags of S. mansoni E. histolytica (veg. form) (with/without ingested red cells)
Eqgs of Trichuris E. histolytica (cyst) :

El{llC:]uz . . | 717‘3

Aruiitex: providea oy enic [




- Stools may be sent to a specialized laboratory for the identification of rare parasites that are difficult to recognize.

Preservatives used:

1. 10% formaldehyde solution (reagent No. 26), for
wet mounting

2. MIF (reagent No. 39), for wet mounting

3. PVA (poly(vinyl alcohol)), for permanent staining.

1. USING 10% FORMALDEHYDE SOLUTION

Prepare a mixture containing about 1 part of stool to . I
3 parts of formaldehyde solution. KN

Crush the stool thoroughly with 3 glass rod.

Preserves eggs and cysts of parasites.

Does not preserve vegetative forms of protozoa,
which are destroyed after a few
days.

Preserves specimens indefinitely if the bottle is tightly

closed.

2, USING MIF

Just before dispatch, mix in a tube or a small bottle:

— 4.7 ml of MIF solution
— 0.3ml of Lugol iodine solution (reagent No. 36).

Add a portion of stool, approximately 2 ml (2 cm3).
Crush well with a glass rod.

Preserves all forms of parasites, including vegetative
- forms of amoebae (those of flagellates deteriorate
slightly).,

" Preserves specimens indefinitely.




3. USING PVA
(a) /n a bottle

1. Pour about 30 ml of PVA fixative into a bottle,
which should be three-quarters full.

2. Add enough fresh stools to fill the last quarter of
the bottle, which should now be full.

3. Break up the stools thoroughly with a glass rod.
Preserves all forms of parasites indefinitely.

(b) On a slide

1. To examine for amoebae and flagellates, place a
small portion of the stool on one end of the slide.

o

2. Add to the stool:
— 3 drops of PVA.

3. Spread carefully with a glass rod over about half of
the slide.

Leave to dry for 12 hours (preferably at 37 °C).
Slides can be kept for about 3 months.

They can be stained on arrival at the specialized
“laboratory. .




Principle

Oxygen is produced when the haemoglobin in blood
comes into contact with hydrogen peroxide. The
liberated oxygen reacts with aminophenazone (amino-
pyrine) to yield a blue colour.

MATERIALS AND REAGENTS

Centrifuge

Conical centrifuge tube

Applicators

20-ml measuring cylinder

Test-tubes

10% acetic acid (reagent No. 2)

Hydrogen peroxide (fresh 10.vol. solution)
95% ethanol

Aminophenazone, crystalline,

I T T I T A O

METHOD

1. Immediately before carrying out the test, prepare a
solution of aminophenazone:

— put about 0.25g of aminophenazone in the
bottom of a test-tube
— add 5ml of 95% ethanol.

»

2. Puta portion of stool, approximately 4 ml (4cm?),
in a centrifuge tube.

‘3. Add 7 ml of distilled water to the stool and mix .
_ thoroughly. . . , v -




_Negatlve reaction

4. Centrifuge at a low speed for about 5 minutes, or
until the solids are precipitated (a hand-powered
centrifuge can e used).

5. Decant the supernatant fluid into another test-tube
and keep it.

- 6. Add to the test-tube containing the supernatant
fluid, without mixing:

— 10 drops of 10% acetic acid
— 5ml of the aminophenazone solution.

To prevent mixing, add with the tip of the pipette
against the inside wall of the test tube.

7. fhen add:

— 10 drops of the 10-vol. hydrogen peroxide
solution,

Do not mix.
Let stand for one minute.

Positive reaction

A blue colour appears between the two layers of
liquid:

— pale blue positive reaction +
~. dark blue = strong positive reaction ++
- blue-black = very strong positive reaction +++.

‘. "No.change in colour. - V- e

ERI!
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PRECAUTIONS IN THE .LABORATORY

The glassware used must be clean (no trace of blood).
The result must be read within 5 minutes.
Control tests may be set up:

~— negative: with distilled water
~ positive: with water containing 1% blood.

PRECAUTIONS FOR THE PATIENT

For one day before the examination, the patient should not:
— eat any meat

— take any drug containing iron compounds .
— brush his teeth vigorously.

Note: The benzidine test is no longer recommended because of the carcinogenic properties of that substance.




15. Examination of Urine for Eggs of Schistosoma haematobium

The schistosome (bilharzia) worm, the cause of the vesical schistosomiasis found in Africa and the Middle East, lays
its eggs in the blood vessels of the bladder wall. The eggs pass into the urine, often accompanied by blcod.

Direct examination (after centrifuging)
The urine is centrifuged and the deposit examined for eggs.

MATERIALS

— Centrifuge and conical tube, 100, 200 and 1000 ml
cylinders

— Clearing agent: 10% sodium hydroxide (reagent No.

- 47) '

— Preservatives: hydrochloric acid and commercial
bleach. :

COLLECTION OF SPECIMEN

Collect the urine hetween 11 h and 17 h; a greater
concentration of eggs is found in the urine during this
period, particuiarly in the last drops.

Preliminary exercise .

Just before the specimen is taken, ask the patient to
perform 20 rapid knee-bends, run 100 yards, or run up
and down the stairs several times {this results in the
excretion of more eggs).

Preservation of urine

If there is any delay in examining the urine, add for
every 100 ml of urine:

~— 1ml of hydrochloric acid {20 drops)
— 2 ml of commercial bleach (40 drops).

The urine can then be kept at room temperature

. ,’in’definitely. e - Ig”




A. DIRECT EXAMINATION .
Centrifuge the urine in conical tubes (10-15 ml) for
5 minutes at low speed or with the hand centrifuge.

(If the urine is bloodstained, treat as described under
B below).

After centrifuging, discard the supernatant urine.

Mix the deposit evenly by drawing it up and biowing it
out with a dropping pipette.

Take a drop of the homogeneous deposit and place it
between a slide and coversiip. Examine under the x 10
objective.

Egg of Schistosoma haematobium

Size 120-180 um
Shape oval, with one well-rounded pole
Shell smooth, very thin

Terminal spine at one pole

Colour  grey or pale yellow
Content a broad well-formed embryo with tiny cilia
around the edges.

The egg is often surrounded by a mass of leukocytes,
which may conceal the terminal spine. (See photograph
of egg on page 134).

Viability of eggs

The viability of eggs can be determined only in fresh
untreated urine. The egg is viable if it is still *‘alive”; if
so, the patient is still infected with living worms.

Examine the egg under the x 40 or x 100 objective (seal
the preparation with melted wax). Observe whether the
embryo is moving slightly within the egg. If not, look
for the flame cells: there are 4 of them, one at each
corner of the embryo. A continuous and rapid move-
ment of the cilia in these cells can be detected, stirring
up the fluid in the egg. This shows that the egg is alive.
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B. BLOODSTAINED URINE

If a lot of blood is present, examination is difficult since
the masses of red cells may conceal the eggs.

Add 5 drops of 10% sodium hydroxide (reagent No. 47)
to the centrifuge tube of urine. This will lyse {dissolve)
the red cells and leave the deposit clear. The eggs are
also affected, but the shells remain recognizable.

Egg of Schistosoma mansoni

This may be found exceptionally in the urine. It has a
lateral spine: see description, page 135.

o

EGG-COUNTING TECHNIQUE

Collect whole bladder content and take 10ml of the well-shaken specimen.

Centrifuge for 3 minutes at medium speed in a graduated centrifuge tube.

Remove the supernatant fiuid to the 0.2 ml mark.

Mix the residue very well and transfer to a slide (with a graduated pipette) 0.1 ml of it.

Count the eggs under the microscope, using a low-power scanning objective and the x 5-6 eyepiece.

o0k N =

Multiply the result by 2 to obtain the egg concentration in 10 ml:of urine.

Examination of rectal biopsy material

The physician may ask the laboratory to look for schistosome eggs in biopsy material taken from the rectum. The
physician performs rectal biopsies to diagnose different schistosome infections or as a follow-up to treatment.

Examine in a wet preparation.

Flatten a small fragment of the biopsy material between a slide and a coverslip.
Examine under the microscope {x 10 objective).

Schistosome eggs are easy to see and recognize.

Examination of rectal biopsy material is often useful for the detection of S. haematobium. A positive result may be
obtained when nothing is found in the urine.

A}
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16. Other Parasites Found in Urine

Apart from schistosome eggs (see page 178), found in Africa and the Middle East, parasites are rare/y found in the
urine.

The following may be found in urine deposit after centrifugingi

1. Flagellated protozoa Trichomonas vaginalis
2. Microfilariae Wuchereria bancrofti and others
3. Spirochaetes Leptospira icterohaemorrhagiae

1. FLAGELLATED PROTOZOA

Trichomonas vaginalis

These protozoa are detected in genitourinary discharges
(see page 186).

They may, however, be found still motile and recogniz-
able in the deposit of fresh urine.

Size 15um

Shape round, globular

Motility whirls and turns, vibrates

Undulating

membrane like the fin of a fish, on one side, very
motile

Flagella 4 flagella.

2. MICROFILARIAE

Wuchereria bancrofti

Appearance of urine: milky, because chyle is present (it
comes from the damaged lymphatic vessels in a
condition called “’chyluria’’). The microfilariae are still
motile {size: 200-300 um long, 8 um thick). They move
in regular curves. For description see page 212,

The sheath of the organism is visible in the urine.
Usually large numbers of leukocytes are also present.

Onchocerca volvulus

Very occasionally (in about 5-10% of cases), micro-
filariae of onchocerciasis pass into the urine.
They are found still motile.
Size: 200-300 um long, 8 um thick.
Rigid curves. No sheath. The head is broader: see
description, page 218.
Identification can be confirmed by examining a
cutangous smear in a wet preparation. .
o : N
L]
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Accidental blood microfilariae

Patients with schistosomiasis may also be infected with
filariae. The schistosome infection causes loss of blood

. into the urine and the blood carries with it blood micro-
filariae such as W. bancrofti, Loa loa and D. perstans
(see description on pages 212 and 213).
A large number of red cells will be present.

3. SPIROCHAETES

Leptospira icterohaemorrhagiae

Leptospirosis is transmitted by rats. The disease is found
most frequently in Asia. If leptospirosis is suspected, the
urine deposit can be examined directly as a wet
preparation using darkground illumination, or as a
Giemsa-stained preparation.

Length varies greatly; 10-20 um on average

Shape  spiral: 20-40 spirals; looks like a squashed
spring

Ends tapered, often hooked

Motility . undulates and rotates

Staining weakly Gram positive; stains better with
Giemsa stain.

Leptosplra can be isolated by culture, using special
media.

Do not mistake for parasites:

Spermatozoa, which may be found still motile in the
deposit of fresh urine from males (see description on

page 329).

Con tamlnatlon of urine with stool:

If urme is contamlnated with stool, parasites which can
- be found in stool speclmens may aiso be found § g urine 1 s
: deposlts ’ ~ (N




A7. 'Eggs'of Pulmoriary Flukes; Other Parasites

PULMONARY FLUKE — Paragonimus westermani

This flatworm, shaped like a coffee bean, attaches itself
to the bronchi. The patient is infected by eating under-
cooked river crabs. The sputum of infected patients is
rust-brown.

World distribution of pulmonary flukes

B e

more
common —

T e e

Materials

Centrifuge

Conical centrifuge tubes

Glass rod

Inoculating loop

Slide

Coverslips

3% solution of sodium hydroxide (reagent No. 46).

Method

1. Add to the sputum in its receptacle an equal
quantity of 3% sodium hydroxide.

¥
N
Qi

2. Mix well for 3 minutes.

3 min

1.3



3. Pour all of the mixture into a centrifuge tube.
Centrifuge for 5 minutes at high speed.

5 min

4. Pour off the supernatant fluid.

5. Remove a drop of the deposit with an inoculating
loop and place it on a slide. Examine between the
slide and a coverslip under the microscope (x 10 and
x 40 objectives).

o~
{
Eggs of the pulmonary fluke
Size 100 um long
Shape oval, one side often slightly flattened
Colour " golden brown

Operculum (O) flattened, with a visible rim, like a tiny
hat placed on the egg

Shell smooth, with a marked thickening (T)
¢ at the opposite end to the operculum
Content clear central space surrounded by cells.

(see photograph of egg of the lung fluke, page 141)

I
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OTHER PARASITES FOUND IN SPUTUM

Hydatid scolex

Patients infected with Echinococcus granulosus
{tapeworm caught from dogs) may sometimes have a
hydatid cyst of the lung. |f the cyst ruptures in the
bronchi, scolices will be found in the sputum, which

may be bloodstained. ‘

Size about 150 um

Shape round. irregular or oval, with one pole slightly
flatrened

Content colourless and transparent, then fine
granules, but with a distinct ring of hooklets
{10-30 hooklets).

Hydatid disease occurs in sheep-breeding areas: e.g.,
Argentina, Australia, Chile, Egypt, New Zealand, North
Africa, Saudi Arabia, Uruguay.

191

185




18. Trichomonas: ‘Direct Examination of Genitourinary Discharge, etc.

Principle

Trichomonas vaginalis is a protozoon that can give rise to a genitourinary discharge {exudate), chiefly in women
but occasionally in men. {t can be detected under the microscope in wet preparations.

The discharge is fairly clear and whitish or may be greenish grey, foamy or frothy.

MATERIALS

Glass slides

Coverslips . _
Warm (37 °C if possible) sodium chloride solution (reagent No.45) - .
Irocuiating loop. .

COLLECTION OF SPECIMEN

Females: The discharge must be taken to the laboratory immediately after being collected (in a tube or on a slide).
Best on a swab placed in ‘sodium chloride solution in a test-tube; the trichomonas remains motile for some time
{usually several hours). ’

Males: Collect in the laboratory using the method described for gonococci (see page 243). Examine immediately.

METHOD

1. Place a drop of the discharge cn a slide.

2. Add a drop of lukewarm sodium chloride solution.

Mix and apply a coverslip.




3. Make a large very thin smear of the discharge on
another slide.

4. Examine at once under x 10 objective

Look for tiny round transparent organisms, the size
of a white cell, moving rapidly in jerks and loops.

5. Examine using x 40 objective
to observe the trichomonas.

Size..  about 15um (10-20um)
Shape round, globular
Motility whirls and turns, seeming to vibrate

Undulating membrane: like the fin of a fish, on cne
side only; very motile {a rapid undulating
movement)

4 flagella: wh|p like, very motile; the mam
impression is one of movement.

Slide with smear

f nothmg is found in the drop exammed between the
slide and coverslip, stain the dry smeargon the second
slide wnh Gram stain. Look for bacteria (conococci?).
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Fungi
Found in thick white {occasionally yellow or colourless)
discharge. Using the x 40 objective, look for:

(a) Yeasts

— round or oval bodies

— non-motile

— varying in size (2-6 um)
— some show buds.

(b) Mycelium filaments (occasionally)

— filaments with rounded ends
— varying in length (20-100 um)
— 2-4um in breadth.

Q:’.
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~ 19. Praparation of Thick Blood Film and Staining with Field Stain

- Purpose
Detection of parasites in the blood
1. Adrop of blood from the finger is placed on a slide, spread and dried.
2. Itisstained and examined under the microscope for the foliowing:

— malaria parasites
— microfilariae

—~— trypanosomes

— borreliae.

3. The thick film method makes it possible to find parasites:

-— more quickly
~ if there are only a few present.

Principle

1. During staining of the drop of dried blood, the haemoglobin in the red cells dissolves and is washed out by the
water in the staining solution,

K LTI

L .
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2. All that remain are: ER R A= | Conglimga

— the parasites and
~ the white ceils

which can be seen under the microscope.

PREPARATION OF THICK FILM

Materials

— Clean glass slides (see cleaning procedures, page 31) {

~ Sterile lancet - = 4 ==
—~ Methanol

— Cotton wool

- Grease pencil,

Method
Pricking the finger

" 1. Find a spot:

"~ .= on the 3rd or 4th finger of the left hand

. — at the side of the finger, which is less sensitive
than the tip, as shown.

ERIC:
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In babies under 6 months:
— prick the heel or big toe.

2. Clean thesite:

—  first with a cotton wool swab dipped in ethanol
— then with a second dry cotton wool swab or
pledget, to remove any ethanol remaining.

3. Prick the finger firmly and rapidly.

4, Wipei away the 1st drop of blood with dry cotton
wool. '

5. With your right hand:
— take a slide, holding it by the edges.
With your left hand:

~ press the finger to produce a drop of blood,
about this size: O




"~ _ Field stain A (reagent No. 22A)
i ~="_Field stain.B (reagent No. 22B)
. — “Two containers of clean tap water

-‘Preparing the film

6. Make a.thick smear in the centre of the slide. Spread L
the blood with the corner of a clean slide to an even
thickness; smears that are too thick or too thin will
not stain well.

A correct thickness enables the hands, but not the
figures, of a watch to be seen through the smear.

[A thin blood film may be useful if the identification
of a species of malaria parasite proves difficult. Spread
a thin film as described on page 387.]

7. Label the end of the slide with the patient’s nuriber,
using a grease pencil. Leave the thick film to dry in
the air. A warm sunny bench is suitable, provided
the smear is protected from flies and dust. An
electric fan, if available, will speed up drying and
keep flies away.

Thin films should be dried in the air and
immediately fixed with methanol {methyl alcohol).

STAINING OF THICK BLOOD SMEARS USING FIELD RAPID STAINS

In many parts of the world Field stains A and B are used for thick blood smears, because: 4

staining is rapid

no dilution of the stains is necessary

the stains can be used for several days {iilter every two days; change when the results are no longer good)
no buffered water is necessary; clean tap water can be used for wasiving the smears.

$iluted Giemsa stain, as used for thin films, can also be used for thick smears {see page 393).
E 3
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Materials

Draining rqek. : :




Method

1. Dip the dried thick smear into Field stain A:
- countupto 10.

Drain the smear.
Wash in a container of tap water.

2. Dip into a container of Field stain B:
— count up to 10.

Drain the smear.
Wash well in a container of clean tap water.

Note: The staining times may need altering.
If the smear is too blue:

— stain for a longer time with Field stain B.
If the smear is too pink:

— stain for a longer time with Field stain A.

3. Dry the smear in the air in-a draining rack (with the
side with the smear facing down).

RESULTS

" The smear should appear mauve. This will enable a malaria trophozoite to be recognized:

— the cytoplasm ring stains blue
— the chromatin dot stains dark red.

For species diagnosis see pages 200 and 201.

Also recoghized in thick films:

— white cells, type and appropximate number

— nuclei of normoblasts, staining dark red

— reticulocytes, appearing as circular areas of biue dots.
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* 20. Staining of Thick and Thin fiims with Giemsa Stain

Important

For a leukocyte type number fraction (“dlfferentlal leukocyte count’’), films are best stained with May-Griinwald
and Guemsa stains {see page 393).

MATERIALS

10 50 and 100 ml measunng cvlinders
50 and 250 mi beakers
Staining troughs
Glass rod
Wash bottle
Slide forceps
Slide rack
- Timer
Giemsa stain (reagent No 28)
Methanol in a drop bottle
Buffered water (for preparation, see page 61).

i|||,|'|
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METHOD for less than 10 smears.

Important.
Stain thick film preparations at once with diluted Giemsa.
First fix thin films for 2-3 minutes in methano! (see page 391).
1. Make a 1in10 dilution of Gicmsa stain.
Example
Use 18 ml buffered water and 2 ml stain; this will be

sufficient for 4 smears. Increase the volume if more
smears are to be stained.

2. Mix gently with a glass rod.

‘3. Place the slides across 2 glass rods. Cover them with
duluted Glemsa stain,.




4. Leave for 30 minutes,
(The staining time is given by the manufacturer: you
may wish to adjust it when you have used the
techniquo several times. If the film is too pale, the
staining time has not been long enough.}

5. Wash off the stain with buffered water. Do not tip
off the stain and then wash, as this will leave a
deposit of stain over the smear.

6. Drain off the water. Place the slides in a rack to dry.
Place them in a sloping position, the slides with the
stained films facing downwards tc protect them
from dust in the air. Drying stained slides by
blotting them between sheets of filter paper is not
recommended. '

MET!;IOfoot\_,lam Qumﬁm of smears

forceps, p'ic'k'up the slides one by one and slot
nto the rack of the staining trough, in a Z

1. Using

patterit..s. - - ,
(Thin films have first to be fixed for 2-3 minutes in.
methanol.) :

S

’ 2 Make up sufficient stain to fill the staining trough.

SI'ngly fill the staining trough containing the slides.
Leave for 30 minutes out of the sunlight. .

<09




3.

Remove the lid.

Slowly pour clean water from a beaker into the
trough, to remove the deposit on the surface of the
staining solution.

Gently pour off all the staining solution from the
trough.

In some laboratories with limited supplies the dilute

‘Giemsa is kept for reuse; if it is, it must be used on

the same day.

5.

Fill tha staining trough with buffered water.

Take out the slides one by one, using forceps.

Dip each slide in a beaker of ordir.ary water, gently -
so that the stained preparation Jdoes not become
unstuck.

Q
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_ 7. Drain the slides.
: “Place them in a rack to dry (the side with blood film
.- facing downwards).




* 21 Identification of Malaris Parasites

The parasites that cause malaria are found in the blood;
pait of their-development takes place within the red
blood cells. Mal ites are detected in blood films
stained by Field stain.

PREPARATION OF BLOOD FILMS

1. When to collect the specimen

The parasites are usually most numerous in the
blood towards the end of an attack of fever.

Always collect the blood before antimalarial drugs
are given.

2. For individual patients

Prepare:

— 1 slide with a thin blood film {see page 387) for
the detailed examination of species if required,
and

— 1 slide with a thick film (see page 189) for the

detection of parasites.

3. For mass surveys

Prepare:

— 1 slide only per person, with 1 thick film and
1 thin fiim on each.

4. Preservation of slides

Keeping slides more than 4 days before staining is
not recommended. '

Field stain is recommended for smears stained
straight away and Giemsa stain for smears to be
stained after a few days.

STAINING

5

,:Fixqtion .

Prior to staining, fix thin films only in methanol.

~Take care not to let the alcohol touct: the thick film.
 (See staining tachniques, pages 191 and 383).




. IDENTIFICATION OF MALARIA PARASITES

1 or more nuclei containing red chromatin

MALARIA PARASITE
(stained) blue cyioplasm
N occasional granules of black or brown pigment
;

" the infected red blood cell {pink)

STAGES OF DEVELC®MENT Parasites found in the blood are at different stages of development )

nucleus

young form — thin ring
Earliest stage with ) of cytoplasm

1. Trophozovite 1 nucleus living inside
ithe red cell

adult
more compact or amoeboid
cytoplasm cytopla:m
.
nuclei often arranged in a circie
Mature trophozoite forming a rosette
with nucleus
2. Schizont divided into 8-24
nuciei. ~
Fills most of the each nucleus enclosed by some cytoplasm, forming
red cell a merozoite
]
Sexual form with one
3. Gametocyte large compact and round
: or elongated nucleus
male female
gametocyte gametocyte
Some parasites have granules
Pigment of pigment in their cytoplasm;
others do not
- with
pigment

g
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INFECTED RED CELLS'

o In thir: films

§

' The infected red cel!s may remain the same, may have changed colour or shape, or may contain pink spots;
{Schiiffner’s dots). .

unchanged " more deeply enlarged oval cell with cell showing
red cell stained cal red cell red cell jagged edges stippling (clefts
or duts)
P .;.:.\
:~'= parasite
T :.i.‘
.. M Schiiffner’s
® dots
In thick films
The red cells have practically disappeared. whl':te blood
— c2

The pink Schiiffner’s dots can still be seen around the
parasite.

The leukocytes remain unchangad.

PARASITE DENSITY

This is the number of parasites counted in each microscopical field.

It usually varies according to species and it might therefore be useful to consider the density in the thick film.
It is importfint'to report the parasite density (see page 203).

high density: medium density: low density:
20 (or more) parasites 2-19 paisites 1 {or less) parasite
per field per field , per field

ERI
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Plasmodium falciparum
Plasmodium malariae
Plasmodium ovale
Plasmodium vivax

PARASITE SPECIES

There are 4 different species of human malaria parasite.

For example:

Malaria caused by P. falciparum is much more
serious than malaria caused by P. ma/ariae and
sometimes causes death.

It is important for the prognosis and treatment of the
disease that the species involved be identified in the
laboratory. However, if you cannot identify the species,
always report the presence of any malaria parasites you

If not properly treated, however, a P, malariae
see.

infection can last much longer than a
P. falciparum infection.

For example:.

P/asmbdium falciparum and

A patient can harbour more than one species of malaria ) :
Plasmodium malariae

parasite at the same time.

Plasmodium falciparum and
Plasmodium vivax

GEOGRAPHICAL DISTRIBUTION

P. falciparum P. malariae P. ovale P. vivax

North Africa Common Common - Predominant
West Africa Predominant Not common Common Very rare
Central Africa Predominant Common Rare Very rare
East Africa Predominant Common Rare Rare
Madagascar, Indian dcean Predominant Common Rare Not common
Middle America Common Rare - Common
South America Common Rare - Predominant
South West Asia Common Not common - Predominant
India to Indochina Predominant Not common ‘ - ACommon
Indonesia ‘ Predominant Not common Rare ﬁ%ommon

_ Pacific Islands Common Not common Rare Common

o
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IDENTIFICATION OF THE FOUR SPECIES OF MALARIA

- PLASMODIUM FALCIPARUM

PLASMODIUM MALARIAE

w © S
gé (Stage frequently found) ‘? {Stage frequently found)
S 0O | Cytoplasm: small fine pale blue Cytoplasm: thick, dense, blue ring
g £ | ring with some granules of black pigment y
8 Chromatin: 1 or 2 small red dots O Chromatin: 1 large red dot d
[
L&)
w oD
= (Stage frequently found) &* (Stage frequently found)
o ,9_, Cytoplasm: rather thin biue ring, Qb Cytoplasm: either (1) round,
,_D_ © | or shaped like acomma or compact, dark blue, with many black
é Z | exclamation mark g particles of pig_ment, or (2) in band
8 Chromatin: 1 or 2 medium.sized \. form (in thin films only)
1 red dots 4 Chromatin: a round dot or a red
band
(Fairly frequently found) .-Q‘d?ﬁ
(Very rare) ) %fa'-f
e . . Merozoites: 8-10 3 X
5 Hardly ever founc in blood films Each one a large red spot enclosed Q-s
N | (except in very serious cases) by pale cytoplasm; the 8 spots may
5 Merozoites: 18-32 be arranged irregularly {young form) &~ i\%
7 . : or in a rosette &’,
Pigment:  dark brownish-black . @, 7
Pigment: always seen '@
(Fairly frequently found) (Fairly frequently found)
E Shape: like a banana or sickle Shape: large, oval or rounded
> Colour: blue (male) or dense blue Colour: dense blue (female) or
3 (female) pale blue (male)
& | Mucleus: reddish-pink Nucleus: 1 round spot of red
E Pigment: a few blue-black granules ggrzmatln against one
o in the centre of the cyto- ag
plasm or scattered Pigment: large black granules in the
through it cytoplasm
Normal in size
a % | May show crenation cells conitaining Normal in size and shape
W oI | mature trophozcites; oftén contain a No red dots usually seen
O | few red dots, irregular in size and .
«1 shape
Er
9 & | often very high density Low density
=4
<3

* The parasite density in any area depends mainly on whether the malaria is seasonal or endemic. Ad
 immunity in endemic areas and the parasite density is often low.
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PARASITES IN BLOOD FILMS

Identity of P. ovale
PLASMODIUM OVALE  ™Ust be confirmed

by examination of
a thin blood film

PLASMODIUM VIVAX

= . £
0o (Stage frequently found) '
% 8 C){top/asm: irregular biue quite s Cymp/as(n: regular dense blue ring \
g T thick ring 7 Chromatin: 1 medium-sized red dot
8 Chromatin: 1 rather large red dot _
- .
L
w e (Not frequently found) Cytoplasm: round, compact, very
o ,?, Cytopl_asm: large, blue, irregular blue with a few particles of brown
E g {sometimes divided into 2, 3 or 4); pigment
< small particles of brownish-orange ,
Eé pigment Chromatin. 1 large red dot
= | Chromatin: 1 red dot
P . f
Z | (Quite frequently found) Merozoites: 8-14 large red granules % o
Q | Merozoites: 12-18 large compact in a rosette, round a central mass of .%‘:":6 :"'
T | redgranules seen against the pale particles of brown pigment ¥ o
O | blue cytoplasm ¢
7]
(Frequently found) Shapé: large, oval or round, dense
Female. oval or rounded, dense blue
blue Nucleus: 1 round red spot

GAMETOCYTE

A dense red triangular nucleus,
often at one end; many particles
of orange pigment in the cytoplasm

Male: rounded, pale blue

A round central pale red nucleus;
some particles of orange pigment
in the cytoplasm

Pigment: a few brown particles in
the cytoplasm

Differentiated from:
— P, vivax by its brown pigment

— P, malariae by the presence of
Schiiffner dots

RED CELLS

Enlar$ed, often pale-staining
Schiiffner cots, especially around
mature trophozoites

May appear oval with jagged ends .
Easily seen large red James dots

PARASITE
DENSITY

Medium density

Medium density




“COMPARISON OF INFECTED CELLS IN THE THIN BLOOD FILM

" P. falciparum

P. malariae

P. vivax

P. ovale

- SIZE

- of young
trophozoite in
comparison
with diameter
of red cell

{at the same
stage of
development)

)

1/5to 1/3
of diameter

Q

1/4 to 2/3
of diameter, but
often band form seen

1/4 to 2/3
of diameter

1/4 t0 2/3
of dizmeter

APPEARANCE
of infected
red cell
Remains unchanged
or becomes smaller -
and sometimes Enlarged and Enlarged, oval,
Remains more deeply often pale- with torn
unchanged coloured staining jagged edges
DOTS
in the
infected
red cell
O & "
Small pink, l.arge James dots
Often none* None Schiiffner dots always present
STAGES
found Trophozoites
or gametocytes
or both All forms found A forms All forms
together; many in the same film focund in the found in the
trophozoites same film same film
can be found
in one cell
NOTE:

Appearance of monocytes (in malaria cases of long duration):

— the cytoplasm often contains brown or greenish-black bodies (siderophils).

Appearance of malaria parasftes following injection of an antimalarial drug:

- the parasites stain poorly and look distorted and indistinct.

* In some red cells infected with adult trophozoites of P. falciparum a few fairly large pink granules called “‘Maurer clefts” can be found.
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REPORTING RESULTS

Positive result
Specify:

1. The species of parasites found
2. The stage of development of the parasite
3. The parasite density*.

Example ,
Examination for malaria parasites positive.

— Plasmodium falciparum
— many trophozoites
— a few gametocytes.

Negative result
State: no parasites found.

Important: Do not mistake platelets superimposed
upon red cells for malaria parasites (for platelets, see
page 351).

*When the parasites are very numerous (very high parasite density), the patient requires urgent treatment. Therefore, if you find a
high parasite density, state the result clearly in your report and send it without delay to the physician.

ERIC i o e, o dib g R .~ 7
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29. Blood Microfiiariae: Examination of Wet Preparation, Concentration

Principle
Capillary blood

Mix a fresh smear of capillary blood from the finger with sodium chloride solution, place between a slide and
coverslip, and examine for motile microfilariae under the microscope.

Venous blood
The microfilariae can also be concentrated using venous blood.

A. EXAMINATION OF CAPILLARY BLOOD

The examination should be carried out at the right time of day.
Some species of microfilariae appear in the blood at night only, others only during the day.

Species When to take a specimen® Part of world

W, bancrofti At night (between 22 h and 4 h) Tropical Africa, Asia, Middle
and South America, indian Ocean

W, bancrofti Any time Pacific Ocean

{var. pacifica)

B. malayi Mainly at night (between 22h and 4 h) Asia

Loa loa During the day (between 10h and 16 h) West and Central Africa

Doubtfully pathogenic

filariae: , d

— D, perstans Any time Tropical Africa

— M. ozzardi Any time Tropical America

*These perio‘ds are not invariable.

Materials

— Bilood lancet

Cotton wool swabs

— Silide

— Covenlip

— Sodium chioride solution (reagent No. 45)




Method

1. Sterilize the finger to be pricked with ethanol.
Choose the 3rd finger. Dry well. Prick with the
lancet. v »

2. Collect the first drop of blood that appears (it
contains more microfilariae) directly on to the
middie of the slide. )

3. Add an equal drop of sodium chloride solution.

4. Mix the blood and sodium chloride sclution using
the corner of a coverslip. Cover the preparation with
the coverslip. :

O
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5. Prepare 2 thick films on another slide using 2 drops
more of blood, for the identification of stained
microfilariae (see page 189).

Examine the fresh smear systematically under the
microscope {x 10 objective with reduced condenser
aperture).

The first sign of the presence of microfilariae is
rapid movement among the red cells.

Microfilariae in fresh blood smears
Microfilariae are identified in stained smears. It is possible, however, to gain some indication from a fresh smear:
- of the species seen and its pathogenicity.

Pathogenic Doubtful pathogenicity

Thickness: usually 6-8 um Thickness: usually 4 um
(diameter of a red cell) (% the diameter of a red cell)
Length: usually 250-300 um Length: usually 150 um
. " (% the field in the diagram) (% of the field in the diagram)
 W. bancrofti, Loa loa, B. malayi D. perstans, M. ozzardi

6 Identify the s:ﬁ:sies of microfilariae by staining the
5 ‘,prgpgtition, see page 208. .




EXAMINATION OF VENOUS BLOOD
CONCENTRATION FOLLOWING HAEMOLYSIS

: Matqrials

5 ml syringe v

Needles for venepuncture

Anticoagulant: 2% trisodium citrate solution
(reagent No. 53)

2% formaldehyde solution

Centrifuge

Conical centrifuge tubes.

Method

1.

Collect 4 ml of venous blood.

Expel into a bottle containing 1 ml of citrate
solution.

Mix.

Measure into a conical centrifuge tube:

— 10ml 2% formaldehyde solution

Add:

— 1 ml of citrated blood.

Mix. Wait 5 minutes for the red cells to haemolyse.

Centrifuge for 5 minutes at high speed.
Pour off the supernatant fluid.
Tap the tube to mix the deposit.

- pages 212 and 213).

Place 1 drop of the deposit on a slide.

Spread the drop to form a thin smear.

Leave to dry in the air.

Fix the smear using ether and ethanol in equal parts.
Leave to dry for 2 minutes.

Stain immediately with Giemsa stain (see page 193).

The microfilariae stain well (for identification, see




C. TECHNIQUE USING A MICROHAEMATOCRIT
"~ CENTRIFUGE

Collect venous blood from the patient into a citrated
bottle as shown above, or take 2 drops of capillary
blood from the finger and mix with 1 drop of 2%
trisodium citrate solution. ;

1. Three-quarters fill a microhaematocrit capillary tube
with the citrated blood. Seal one end of the tube
with plastic modelling clay or by heating.

2. Centrifuge in a microhaematocrit centrifuge at high
speed for 2 minutes.

3. Lay the capillary tube on a slide and secure the 2
ends with adhesive tape.

Examine the dividing line between the hlood cells and
the plasma under the microscope, using-the x 10
objective with reduced condenser aperture.

Motile microfilariae will be seen at the bottom of the
* column of plasma, just above the layer of white cells.

e

The tube can be snapped at this point. With the 1st drop

- from each piece of the broken tube, a thick film can be

. prepared

. Stain'with Giemsa to identify the species.




23. Blood Microfilariae: Staining and Identification

Principle
- Microfilariae must be stained before they can be identified with certainty.

MATERIALS — REAGENT

Blood lancets
Slides .
Sodium chloride solution (reagent No. 45)
Staining trough
Dropping pipette
Beakers
10 mi measuring cylinder
Giemsa stain.

N I T O O

A. THICK FILM

Take 1 drop of capillary blood at the right time of day -
(see table, page 204).
Make a thick smear as described on page 189).

8. REMOVAL OF HAEMOGLOBIN

{a)“Place th« slides vertically in the staining trough filled
with clean water (if no trough is available, use a

beaker). = -

{b) Leave for 10 minutes (the haemoglobin sinks
gradually to the bottom).

{c) Take the slides out and drain them.

C. STAINING WITH GIEMSA STAIN

Stain for 30 minutes using a 1in 10 dilution of Giemsa,
as described on page 193.




D. MICROSCOPICAL EXAMINATION

(a) Cover the stained smear with a thin film of
immersion oil.

(b) Look for microfilarice using the x 10 objective: they
should stand out well.

(c) Examine the microfilariae found with the x 100 oil-
immersion objective.

E. IDENTIFICATION: SOME USEFUL
CHARACTERISTICS

Study in order of importance:

(a) The size of the microfilaria:

— its length (in relation to the field)

— its thickness (in relation to the leukocytes)
— as thick as 1 white cell (1)
— as thick as % a white cell (2).

Ead

(b) The sheath of the microfilaria
Inthe diagram opposite the sheath of the micro-

filaria is present in (3) and absent in (4). The sheath ‘

may be stained red by Giemsa stain or remain
colourless, depending on the species.

(Impoftant: the sheath is sometimes torn and difficult
to see. Positive identification cannot be based on this
characteristic alone.) . ,

(c) The curves of the microfilaria
_There are several types of curve:

— large curves (5)
i~ many small curves (6)
-~ — fewsmall curves n.




(d) The tail of the microfilaria and its nuclei
The following features may be seen:

— nuclei extending to the tip of the tail {8) or
not (9) B

— a tapered tail (10)

a rounded tail {11)

— ahooked tail (12).

(e) The nuclei in the body
These stain purple with Giemsa stain. They may be:

— well separated {13)
-- overlapping (14).




Wuchereria bancrofti ‘Loa lca
Tropical Africa Central Africa
Asia West Africa (from
Where Tropical America Nigeria to Gabon)
Indian Ocean
Pacific Ocean
When At night* During the day
Length 200-300 um 250-300 um
8um 8um
{about 1 leukocyte" *) {about 1 leukocyte}
Thickness E
Pink sheath
Sheath
Regular, large irregular, small
Body :
curves MH) ‘SL
No nuclei atend®** Nuclei right to tip
Tail
Rather straight
tapered tail Curved tapered tail
Large round nuclei
Body Round medium-ized crowded toguther and
nuclei nuclei, well separated overiapping

IDENTIFICATION CF MICROFILARIAE

*Except var. pacifica: any time. ,
_ %11 thick films the levkacytes always shrink and measure 8-11um.
* ~*The tail is sometimes broken or coiled, giving 2 false impression that there are nuclei right to the tip.
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STAINED WITH GIEMSA STAIN

Dipetalonema perstans

_ Brugia malayi

Mansonella ozzardi

Trobical Africa

Asia

Central America

South America South America
Any time Chiefly at night Any time
150-200 um 220-250 um 150-200 um
4pum 4um
(% leukocyte) (almost 1 leukocyte) (% taukocyte)
No sheath Very pink sheath No sheath
g Q2
(7 \,‘M CRONREE:
Regular, look like Small, irregular Few and small
loops in string and many
= A o
() A

Double row of nuclei
_right to the tip

Bl

Straight tail with
rounded tip

2 widely spaced
nuclei at the end
of tail

Curved very

tapered tail //-

1 row of nuclei
extending almost to
tip

TR

Straight tapered
tail

Small nuclei squeezed
together; indistinct
{plaited appearance)

/

Smali angular
nuclei, squeezed
together and not
very distinct

Small round nuclei
packed closely in a
double or triple row

219
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SOME POINTS TO REMEMBER WHEN IDENTIFYING MICROFILARIAE

Identification of species can be difficult and experience has shown that mistakes are frequently made. Nevertheless,
if a systematic study is made of 2// the characteristics mentioned, it should be possible to identify with certainty
the species observed. The identification must not be based on a single characteristic but on all the features taken
together.

Examples of some mistakes

1. The tail

If the tail of W. banicrofti is broken or folded over, it
appears to have nuclei extending to the tip like Loa
loa.

2. The sheath

The sheath is sometimes torn or aimost colourless.
In Loa loa, for example, it is seen only as a colour-
less space between the tail and the blood cells.

3. Size

Some D. perstans are very long (200 um); and some
W. bancrefti and Loa loa sve smail {250 um).

4. Thecurves

If damaged when the film is being made, L7.
bancrofti may appear twisted and Loa /oa may show
a few curves.

5. Geographical distfibution

Always bear in mind where the patient comes from.
If he is from: :

— The Zaire river basin, Eastern Nigeria or
Cameroon, the parasite is probably Loa /oa
— Senegal, Ghana, the West Indies or India, the
parasite is probably W. bancrofti
— Thailand, the parasite is probably B. malayi
— Guyana, the parasite is probably M. ozzardi.
6. Thin fiims

Identification of microfilariae in stained thin films is
not recommended; the microfilariae are shrunken,
distorted and difficult to recognize.

e 220
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24.. Ohchbceiclasis: Examination for Skin Microfilariae

Onchcecerciasis (river blindness) is a parasitic disease
caused by the worm Onchocerca volvulus. The male and
female worms live in the subcutaneous tissues of man,
massed in nodules. The female worms lay larvae (the
microfilariae) that migrate under the kin.
Onchocerciasis is prevalent in tropical Africa and in
parts of Arabia and Middle and South America. It is
transmitted by a small blackfly, Simulium.

Laboratory examination

A very small piece of the patient’s skin is collected. 7o
see the highly motile microfilariae, it is examined as a
wet preparation between a slide and coverslip under the
rnicroscope. :

MATERIALS

-~ Needle (for intramuscular injection 22-gauge

(0.7 mm) x 40mm or for subcutaneous injection
22-gauge x 25 mm})

— Scalpel or razor blade

-~ Sodium chloride solution (reagent No. 45)

— Slides, coverslips

— Ethanal.

WHERE TO COLLECT THE SPECIMEN

{a) Patients with nodules
Look for nodules:

on the chest (over the ribs)

on the hips

on the legs (tibia). .
on the back (shoulder-blades).

‘The nodules are round and hard, 1—-5¢m in
diameter; when pushed with the fingertips they
siica about under the skin, Take the specimen from
the skin-in the centre of the nodule.




Q
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(b) Patients without nodules
Take the skin specimen from:

"— the top of the buttocks (the upper outer part
where intrarnuscular injections are given).

If the examination gives a negative result, take
specimens from:

— the calf (upper outer part)
— the back (centre of shoulder-blade).

It is recommended that 6 specimens (2 from buttocks,
2 from calves, 2 from shou'der-blaces) be examined
before reporting a negative result.

COLLECTION OF SPECIMEN

(a) Preparations

1. Flame the scaipel (or razor blade) and the needle
with ethanol.

2. Place one drop of sodium chloride solution on a
slide,

3. Disinfect the chosen area with a gauze pud dipped in
ethanol.

{b) Method

1. Using your left kiand, pierce the skin with the point
of the needle to a depth of 2 or 3mm.

. 2 Pull the skin away from the flesh with the point of

. the needle,




3. Place the cutting edge of the scalpel or razor blade
on the stretched skin above the point of the needle
{using your right hand).

4. Cutwith a quick stroke the piece of skin pulled up
by the point of the needle, as close to the needle as
possible. The specimen should be about this size: e.
{2-3 mm)
It should remain attached to the tip of the needle.
The specimen should not be bloodstained; the
biopsy must be bloodless.

5. Place the fragment of skin in the drop of sodium
chloride solution on the slide {using the scalpel or
razor blade if necessary). Do not flatten the piece of
skin; if only one microfilaria is present, it might be
damaged.

N8

=
/
6. Cover with a coverslip. If any part of the specimen
is not in contact with the liquid, add more solution, [ -
injecting it under the coverslip with a Pasteur —
pipette, until the whole area undernsath the cover- Y
slip is wet.
3min

7. Wait 2—3 minutes. Meanwhile, clean the spot from
which the specimen was taken with ethanol. Apply
_ an adhssive dressing.

ERIC:
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MICROSCOPIC EXAMINATION

Use the x 10 objective with reduced condenser aperture.
Examine the edges of the piece of skin. The micro-
filariae are seen struggling out towards the water. They
are highly motile.

Length 200-300 um

Breadth 8 um (1 red blood cell)
Curvature

of the body rather angular

Front end slightly broader

Tail curved and tapered.

When the specimen contains very few microfilariae, wait
10 minutes.

If no microfilariae emerge, look inside the piece of skin;
by looking through it a microfilaria may be seen
moving.

PROCEDURE FOR OBTAINING A STAINED
SPECIMEN ‘

A smear is made on a slide by crushing the skin
specimen. It is fixed using methanol and stained with
Giemsa stain (see page 193).

The microfilaria of Onchocerca volvulus shows the
following features:

it has no sheath

its front end is broad

the body shows rigid curves '

the tail tapers gradually and ends in a sharp curve
it contains large oval nuclei, elongated and stained
blue-black; they are well separated and do not
extend to the tip of the tail.

. ANOTHER MICROFILARIA FOUND IN SKIN
BIOPSIES

Dipetalonema streptocerca

This quite rare worm may not be pathogenic. its micro-
filaria is found in the skin and shows the following
features: ‘

it is less broad {5 um: % red blood cell)’

it is stightly shorter {200 um)

the front end is not broadened

the tail ends in a rounded crook -

the nuclei are smaller and reach *he tip of the tail.

IN CASE OF DOUBT
| 1. Examine a fresh blood specimen taken from the finger between a slide and coverslip to look for blood micro-
~filarise (see page 205). o ‘ :
2. 1f the examination is positive, make a stained skin smear and a stained thick blood film (see page 193) to




COLLECTION OF SPECIMENS IN THE FIELD

If no microscope is available, or dunno mass
epldemlologncal surveys:

1. Place the piece of skinina small penicillin bottle
containing 2 ml of sodii'm chloride solution.

2. Wait 15 minutes for the microfilariae to leave the
s*in.

3. When the 15 minutes are up, fix by adding 2 ml of
10% formaldehyde solution (reagent No. 26). Mix
and replace the cap on the bottle. Preservation time:
several months.

4. When you return to the laboratory, shake the bottle
well.

Centrifuge the liquid {(after removing the piece of
skin) at medium speed {or use a hand-powered
centrifuge).

5. Examine thr deposit in the centrifuge tube between
a slide and a coverslip under the microscope.

The dead microfilariae are clearly visible unstained,
with their characteristic angular curves.

MICROFILARIAE OF THE EYE

- Microfilariae sometimes migrate to the eye, where they can be detected by an ophthaimologist using a special
mstrument
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25. Ttypandsomes:, Detaction in the Blood, Concentration

Principle : Important:

Trypanosomes are detected in the blood: In African trypanosomiasis trypanosomes appear in the

— in wet preparations blood at intervals for a period of a few days, mainly
— in thick films after staining during the first 3 months of the disease and especially
— following concentration by repeated centrifuging. during bouts of fever.

Trypanosomes can be found in the blood of patients:

~ with African trypanosomiasis (sleeping sickness)
— with South Ameri.-.1 trypanosomiasis {Chagas’ disease)

A. DIRECT EXAMINATION

MATERIALS

~ Blood lancet

- Ethanol

-~ Slides

— Coverslips

— Sodium chloride solution (reagent No. 45)
— Giemsa stain

— Buffered or neutral water

— Filter paper.

METHOD

1. After sterilizing the pad of the 3rd finger, prick with
the blood lancet. Wipe away the 1st drop of blood
with filter paper. Collect 2 drops of blood:
~ 1 drop on one slide
—~ 1 drop on a second slide.

2. Collect 2 drops of blood on a strip of filter paper.
Leave to dry.

3. On the 1stslide, place:

— 1drop of sodium chloride solution beside the
_ drop of blood _

Mix, using the corner of a coverslip. Cover with the
5 coverslip, -




4. On the other slide:

— spread the blcod to make a thick film (see
technique, pzge 189).

5. Examine the 1st slide with the wet preparation
under the microscope, using the x 40 objective and
reducing the condenser aperture,

Examine the edges of the smear first.

Look for movement among the red cells; the
trypanosome displaces them with its flagellum as it
moves forward.

Make sure that it is a trypanosome:

Length 15-25 um (2-3 red cells)

Breadth 3 um (% red cell)

Shape like an elongated fish

Motility moves rapidly, advancing and contracting
like a snake, and has an undulating
membrane extending from a motile
flagellum at “he anterior end.

Do not confuse with a microfilaria, which is much
bigger (100-300 um, as.long as 10-40 red cells).




6. £xamination of thick films

Thick films must always be examined, even if the examination of the wet preparation seems pdsitive, to make
sure that the motile organism seen is in fact a trypanosome. Stain with Geimsa stain {see page 193), or with
Field stain (see page 191).

Description of stained trypanosome
(T. gambiense or T. rhodesiense)*

Length 15-25 um {1-2 leukocytes)

Cytoplasm pale blue

Nucleus large central nucleus, stained reddish-
purple

Granules 1 compact red body at the posterior

end: the kinetoplast (K)
Undulating
membrane (M) reddish-pink, starting at the kinetoplast
Flagellum (F) pink, extending 5 um beyond the
undulating membrane.

* 7. gambiense (West and Central Africa) and T rhodesiense (East Africa) are identical in appearance.

7. If the examination is negative:
— repeat the tests for up to 7 days.

Send the dried drop of blood on the strip of filter
paper to an immunological reference laboratory for
testing for immunoglobulin M (IgM) and FAT
antibodies.




B. CONCENTRATION METHOb USING VENOUS
BLOOD

Examination after eqp;rifuging 3 times
Materials

Electric centrifuge

Conical centrifuge tubes

Pasteur pipette .
3.8% trisodium citrate solution (reagent No. 54).

1. Take a conical centrifuge tube with a 10 mi mark.
Measure into it:

— 1 ml of citrate solution.

2. Collect:
- 9 ml of venous blood,
and add it to the citrate (i.e., up to the 10 mi mark).

3. Mix and immediately centrifuge at medium speed
for 3 minutes.

4. Draw off all the supernatant plasma and the layer of
leukocytes above the red cell deposit.

Expel this supernatant liquid into another tube
(tube 2). Centrifuge at medium speed for 5 minutes.




5. Draw off all the supernatant fluid {but keep the
deposit of tube 2).

Expel the supernatant fluid into a third tube
{tube 3).

Centrifuge at high speed for 10 minutes.

- 6. Examine the deposits of tubes 2 and 3 between a ,
slide and coverslip under the microscoge. i

The trypanosomes will appear in the deposit from

tube 3 (and occasionally in that of tube 2).

Microfilarias will be found in the deposit from
tube 2.

Microhaematocrit centrifuge method

If a microhaematocrit centrifuge is available, anticoagulated venous or capillary blood can be collected intoa
microhaematocrit capillary tube. The method of collection and examination is as for microfilariae given on page
208. Motile trypanosomes, if present, can be found in the plasma just above the layer of leukocytes. Movement can
first be detected using the x 10 objective with reduced condenser aperture, and the trypanosomes can be seen more

clearly using the x 40 objective.

Other examinations for trypanosomiasis
African trypanosomiasis is also diagnosed in the laboratory by:
(a) examination for trypanosomes in lymph node fluid (see page 226)
page 287)

(b) testing dried blood collected on filter paper for IgM and antibodies {see method of collection,
(c) immediate inoculation of the patient’s heparinized blood into rats or mice {in specialized laboratories)

(d) examination for trypanosomes in the CSF (see page 347).

.
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C. SOUTH AMERICAN TRYPANOSOMIASIS: CHAGAS' DISEASE

Chagay’ disease, which occurs in Middle and South America, is caused by 7rypanosoma cruzi and is transmitted by
bugs. Another trypanosome, 7. range/i, can be found infecting man in almost the same areas. Although it is not
pathogenic, it must be identified and distinguished from 7. cruz/ for the diagnosis of Chagas’ disease.

Important:

Motile trypanosomes are found in the blood during the acute phase of the disease, and rarely thereafter. During the
c¢ironic stage the diagnosis is based essentially on immunological methods.

Examination techniques

The trypanosomes that cause Chagas’ disease are difficult to find in the blood. The same techniques are used as for
African trypanosomiasis.

1. Examination of wet preparations {rarely positive during the chronic stage of the disease).
2. Examination of thick films repeated several days in succession.

3. Triple centrifuging and microhaematocrit centrifuge technique if possible.

4. Detection of antibodies (complement fixation test).

Appearance of Trypanosoma cruzi
Description of stained 7. cruzi:

Shape Broad forms “’C"-shaped; also slender
forms, generally "’S”"-shaped
Length about 15 um in broad forms and 20 um in

slender forms

Cytoplasm pale blue

Nucleus large, central and red

Kinetoplast large and round granule, dark red or purple,
near the posterior extremity

Undulating ]

membrane narrow, reddish-pink

Flagellum pink, extending beyond the undulating
membrane

Appearance of Trypanosoma rangeli
Description of stained 7. rangeli

Shape Only slender forms, with tapering
extremities
Length 25—35um
Nucleus red, near the central part of the cell body
- Kinetoplast small, like a dark red dot, far away from
the posterior extremity
Undulating
membrane visible, narrow
Flagellum extending beyond the undulating
membrane.

o
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26. Trypanosomes: Examination of Lymph Node Fluid

African human trypanosomiasis

In cases of African human trypanosomiasis (also called "‘sleeping sickness’’), trypanosomes are found in the iymph
glands (in 7. gambiense infections) in the early stages, i.e., 2-3 weeks after injection of the parasites by the tsetse
fly (Glossina). They disappear from the glands within 2-6 months.

Principle of examination

A drop of fluid from the lymph node is collected with a needle. It is examined at once a: a wet preparation
between a slide and coverslip. The trypanosomes, which are motile flagellate protozoa, are easiiy seen under the
microscope.

MATERIALS

— Needle (for subcutaneous injection), 25-gauge
(0.5mm) x 16 mm

~ & or 10 ml syringe (bcth syringe and needle must be
perfectly dry)

— Slides

— . Coverslips

~ Tincture of iodine

~— Sodium chloride solution (reagent No. 45).

FINDING A LYMPH GLAND

Lymph nodes are found among the cervical glands of
‘the neck. Feel both right and left sides of the neck,
_ from the base of the neck up to the ear.

Affected glands are swollen and form a round lump

2-4 cm across. They are elastic and slide urider-the skin,
offering little resistance to pressure. They do not

some hard (except in chronic cases).




COLLECTION OF SPECIMEN

Preparations

Prepare the syringe, pulling the piston as far back as
possible.

Prepare 3 slides, putting a drop of sodium chloride
'solution on each.

Wash your hands with soap.

Have the patient sit down.

1. Dnsmfect the chosen site on the neck with tincture
of iodine.” U hY

Take the gland between the thumb and index finger
of the left hand.

Hold it steady, at the same time making it stand out.

*lodine.must be washed off with ethanol to prevent burns.
Disinfectants such as thiomersal can be used.

2. Introduce the needle at right angles into the centre
of the gland, in two stages:

- first pierce the skin
— then penetrate the giand.

{Make sure that you avoid the jugular veins and
arteries.)

3. With your feft hand:
— ‘gently knead the gland.
With your right hand:
— revaolve the needle in both directions.

The glandular fluid will coze into the needle. The
operation should last about 1% minutes.

4. Withdraw the needle in one rapid movement,
holding your thumb over the hub. Then apply a
swab dipped in tincture of icdine to the point of
entry.

{Never apply the iodine swab before withdrawing the needle,
for some disinfectant might get on to the tip of the needle,

: make its way into the fluid from the gland and make the
~ trypanosomes non-motn!e)

: qland is hardened, draw up the glandular flund
“directly’into 3 syringe.
Q N '
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Preparation of slides

1. Attach the syringe (piston pulled back) to the
needle.

Place the point of the needle in the drop of sodium
chloride solution on the first slide. Push the piston
.. gently half way down the barrel to discharge the
-glandular fluid contained in the needle on to the

slide.

2." Repeat the procedure with the secend slide, pushing /_e
the piston to the end of the barrel to discharge the A }

rest of the fluid.

%

3. For-the third slide draw the drop of sodium chloride , : o 7

solution up into the needle. Force it out and

aspirate it several times to rinse the needle
thoroughiy and collect the last traces of glandular ,

fluid.

Cover each of the 3 preparations with a coverslip.
Examine at once under the microscope (x 40
objective).

Wait until the convection currents stop.

Begin by examining the periphery of the
preparation, near the edges of the coverslip, towards
which the trypanosomes tend to make their way.

Then examine the rest of the preparation, repeating

the procedure with the other two slides.

D4



The preparation will contain red blood celis, leukocytes
and lymph cells. If any movement is detected between
the different cells, look very carefully to see if it is
caused by a trypanosome. The organisrm is about 20 um
long and is often hidden by the cellular elements, which
are disturbed by its flagellum as it moves.

The trypanosome

Size 16-25 um (2-3 times as long as a red
blood cell)
Shape like a long undulating fish

Appearance (in wet preparations) clear, very refractile.
E

Flagellum and undulating membrane

In wet preparations, it is chiefly the movements of the
flagellum located at the front of the trypanosome that
can be seen. The trypanosome weaves among the
cellular elements, following a zigzag course.
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STAINED SMEARS OF GLANDULAR FLUID

If the specimen is collected in the field and no micro-
scope is available, make a large thin smear using the
corner of a slide.

Leave to dry. Fix with methanol. On return to the
laboratory, stain the smears with Giemsa stain
(see page 193). A description of trypanosomes in
stained preparations is given on page 222.

¢
MICROFILARIAE IN GLANDULAR FLUID

These cannot be confused with trypanosomes as they
are much larger (100-300 um). They may be micro-
filariae of the blood (see page 204) or they may be
skin microfilariae (see page 215) picked up by the
needle. :

['4%)
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B. BACTERIOLOGY

introduction

Direct examination of bacterial smears is generally not sufficient to identify a bacterial species; precise identi-
fication can only be obtained by culture. This shows the importance of collecting and dispatching specimens to
referral I=boratories. Nevertheless, direct microscopical examination of stained smears is an efficient way of
studying the presence of bacteria in biological fluids that are normally sterile, such as cerebrospinal fluid (CSF) and
pleural fluid, and in specimens from other sources. It may provide information of great value for the diagnosis,
immediate treatment and control of the disease. For example: -

— in specimens from cases of male urethritis at an carly stage gonococcal infection can be diagnosed with
reasonable certainty (in females it is much more difficult)

— direct microscopy is believed to be the most practical and effective technique for the detection of
infectious cases of tuberculosis, and it is therefore of high epidemiological importance

~ microscopical examination of stained smears and of spinal fluid and study of the morphology of any
bacteria present may assist in identifying meningitis (meningococcal, pneumococcal or M. tuberculosis
. meningitis).
The diagnosis of some diseases is also possible through serology ; an example is syphilis. Serological techniques are
also important for seroepidemiologics! surveillance.
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27. Preparation of Smears. Fixaticn

Principle

The sample to be examined (pus, sputum, urine centrifugate, cerebrospinal fluid, etc.) is treated as follows:

— itisspread in a thin layer on a glass slide
— itis dried completely :
— itis fixed on the slide by heating before being stained.

MATERIALS

Inoculating loop: this is a metal wire (usually made of
nickel-chromium alloy) fixed on to a handle and bent
into a loop at the other end.

Make the loop with forceps, taking care that itis
centred.

The actual size of the loop should be as follows: —O
2mm

Glass slides: clean with an ethanol-ether mixture and
wipe with gauze.

Bunsen burner.

PREPARATION OF SMEAR

1. Flame the loop until it is red-hot:

— hold the loop just above the blue part of the
flame

— hold the instrument as nearly vertical as
possible.

Allow to cool (count to 20).

2. Take a portion of the specimen to be examined for
pus, by placing the loop f/at on the surface of the

liquid. 23
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3. Place the loop on the slide and press slightly flat and
in the centre (the slide should be numbered).

4. Still holding it flat against the slide, move the loop in
an oval spiral, outwards from the centre. '

Leave a space between the specimén and each of the
4 sides of the slide.

Let the slide dry completely in the air.

5. Flame the loop again until it is red-hot to destroy
any bacteria.

Unmarked smears are sometimes received in the
laboratory from outside sources.

To find out on which side of an unmarked slide the
smear has been made:

— turn the slide so that it reflects the light from
the window

— the side without the smear will shine

— the side with the smear will not reflect the light.

FiXATION

Check that the smear is completely air-dried.

Pass the slide through the flame of a Bunsen burner,
with the smear uppermost. Pass it through the flame
. three times.

Aliow to cool before staining.
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It is sometimes useful to draw a circle around the smear

with a grease pencil, so that it can be seen more easily.

Staining of fixed smears

Gram stain, see page 235.
Ziehl-Neelsen, see page 249.
~ Reading of stained direct smears, see page 238.
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28. Gram Staining

Advantagu .

Gram £t zining makes it possible to classify bacteria into
two: groups. .

—~ Gram posri/ve stalned dark purple
-~ Gram negat/ve stained pink.

This makes identification easier.

- GRAM STAINING REAGENTS

Modified Hucker crystal violet {reagent No. 15)
Gram iodine solution (reagent No. 31)

-95% ethanol

‘Safranine solution (reagent No. 42)

Tap water.

TECHNIQUE .
.

Fix the smear and allow to cool.

1. Crystal violet — 1 minute
Pour the crystal violet on to the slide.
Cover the slide completely.
Leave for 1 minute.

Rinse with tap water and drain.

2. Gram iodine solution — 1 minute

Flood the slide with Gram iodine solution and let it
stand for 1 minute.

Drain off the solution and rinse with tap water,

3. 95% ethano! — 1 minute
‘Cover the slide completely. S
Leave for 1 minute. d
Flood with water and drain.

Look at the smear

A ruiToxt provided by ER



. 4. Safranine solution — 10 seconds
Leave on the slide for 10 seconds.
Wash briefly with tap water at once.

Drain and allow to dry in the air.

WHAT TO LOOK FOR .

Bacteria — stalned deep violet: Gram posmve e.g.
staphylococcn streptococcl micrococci, pneumococci,
enterococci, diphtheria bacilli, anthrax bacllll

Bacteria — stained pink: Gram negative, e.g. gonococci,
meningococci, coliform bacilli, shigellae, salmonellae,
cholera vibrios.

See page 238 for direct examination for bacteria. .

Gram negative Gram positive
bacteria bacteria

< <>

"' _ ..-...
- L ) ) ‘|I |
Cd
PRINCISLE.OF THE STAINING REACTION - ¢ &
| , ol ol
1. The violet colour stains all bacteria deep violet. . w

2. lodine solutton fixes the violet colour more or less
strongly in the bactena

3. 95% ethanol: T |}

Decolonzes ceftam bactena when the violet
- stain is not strongly fixed by iodine solution
' Does not decolorize other bacteria when the
fwolet stain is strongly flxed by iodine solution. . s

4 Saframne solutlon (pink):

Remmx (pmk) the bactena dlscoloured by N & _ *
;‘ - ethanol :
'~ _Has no effect on the other bactena which 2. &

. remain. dark violet. : , 1 2 —




SOURCES OF ERROR
A false Gram positive reaction may occur because:

the smear was fixed before it was dry
the smear was too thick

there was sediment in the bottle of crystal violet
(filter before using)

the Gram iodine solution was not thoroughly
drained off

the ethanol was not left long enough

the safranine solution was too strong or |eft on the
slide too long.

A false Gram negative reaction may occur because:

the Gram iodine solution was not left long enough

~ the ethanol was left on too long and not washed off

properly.
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29. Mi-:roorganisms Found by Direct Film Examination

Germs are very small microorganisms {9.5-5 um; 10 um at the most). Most of those you will look for either
microscopically or in culture are bacteria and that is why the examination is called a “bacteriological examination”’.
Other types or germ {rickettsiae, viruses, etc.) are looked for in specialized laboratories.

A distinction is made between the following:
Pathogenic bacteria®

These car: cause disease. They are found in the body
they are infecting and detected by laboratory
examination.

Non-pathogenic bacteria

These are harmless and exist in countless numbers in
nature. Some multiply normally in man without
affecting his health and are known as ""saprophytes’’.

HOW BACTERIA ARE DETECTED IN THE
LABORATORY

1. By direct microscopical examination of smears (of
specimens of pus, urine, sputum, skin, CSF, nose
or throat) made on slides and stained (by Gram or
Ziehl-Neelsen stains).

2. By bacterial culture:

— on solid culture media (acar in a Petri dish or
test-tube)
— inliquid media (tubes of broth).

Cultures are essential to determine the exact identity of
bacteria apd, rnore particularly, to determine whether
the organisms found in the specimen are pathogenic or

- non-pathogenic. Biochemical, serological (agglutination)

and other tests are used to identify the organisms
cultured,

Never fail to send specimens to a more specialized
laboratory for culture whenever necessary (for dispatch
of specimens see pages 268 and 273).

*Note: Obligatory and facultative pathogens. Obligatory pathogens are those that always cause disease (e.g. tubercle bacilli).
Facultative pathogens are harmless in certain areas pf the body {e.q. coliform bacilli, a normal saprophyte of the intestine) but can
cause disease when they invade other areas (the coliform bacillus may infect the urinary tract). :
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Value of dlrect examination .

o Direct exammatnons are most useful in obtalnmg an indication of the type of organism involved or, in some cases,
_in establlshmg a d:agnosvs of the disease {tuberculosis, leprosy, gonorrhoea, etc.).

_ For this purpose it'is essential to give a detailed description of the organisms seen as well as of any other elements
3 present (leukocytes, red blood cells, eplthellal cells, etc.) (see page 242).

; VARIOUS GROUPS OF BACTERIA SEEN UNDER
' THE MICROSCOPE -
'(DIRECT EXAMINATION BY GRAM STAIN)

: ° .
, o o
1. Gram po;nwe coccl - rounded shapo ’ Qoo
~ May be arranged: - ‘
' in clusters (staphylococci) , - 7 St
' in chains (streptococcu) , a - 7 .

in pairs , . ¥
in fours, etc. S

Found in pus, urine, blood and other specimens.

2. Gram negative diplococci — rounded shape in pairs c
May: :
~ be shaped like coffee beans .
— cluster in the cytoplasm of the leukocyte. ” ‘
Found in urethral pus {gonococci) and the CSF \ )
{meningc.cocci). ‘

There are other Gram negative diplococci that are
generally non-pathogenic. They may be seen in
throat swabs or sputum specimens.

3. Gram positive bacilli — rod-shaped 0

fa) Gram positive bacllh with spores 0 ’ u
Long and thick: gnd may have square ends (anthrax) . o .
or roundod‘ fidé (tetanus, saprophytes). The spore 0 ‘
appears as a large uncoloured area inside the bacillus

<. asit does not stain with Gram stain.




(b) Gram positive bacilli — without spores

~ Usually small and variable in shape; the ends may be
swolle.. and be arranged in rows or like letters.

" ‘Found in throat specimens, blood, skin, etc.
(diphtheria, diphtheroids, Listeria). :

‘4. Gram negative bacilli

Variable in size, ends.rounded or pointed. May be
large and straight (coliform bacilli), comma «~aped
(vibrio) or short and fat (Proteus). This gro..;
includes meany species.

5. Gram negative coccobacilli
Quite variable in shape, not as round as cocci but

not as long as normal bacilii (plague, Haemophilus).
Found in a variety of body specimens.

0?4
'

}Q -4 )
oi‘%% °
I

6. Yeasts and aétip_pmyeetss

: Ye’#ﬁ-‘?j; ‘ Sa .

~'. ' Vary in size but are |arger than bacteria. May be
* seen in process of budding. Usually present as

contaminants but sometimes pathogenic (genital

discharge, spgtum, etc.). . .

~(b) Actihbﬁ:y'bms ‘

" Large granules, sometimes visible to the naked eye
~ {white to yetlow colour). L

The centre is Gram negative, the periphery Gram

positive, Found in pus from skin, sputum, etc.




7. Spirochaetes

Treponema and Borrelia

Irregular loose spiral — weakly staining Gram
negative.

{a) Treporema vincentii (formerly Borrelia vincenti)
Found together with cigar-shaped Gram negative .
rods (fusiform bacilli} iri throat and mouth '
specimens (Vincent's angina) (see page 272).
{b) Borrelia recurrentis

Found in blood films stained with ‘Giemsa stain.
Agent of relapsing fever.

STERILE BODY CAVITIES, FLUIDS, AND TISSUES NON-STERILE BODY CAVITIES, FLUIDS, AND TISSUES

In healthy persons the following are sterile: In healthy persons the following may contain many
non-pathogenic organisms (saprophytes):

— blcod — respiratory tract {mouth, nose, throat, sputum)
— cerebrospinal fluid — gastrointestinal tract )
-— subcutaneous tissue -- skin, ear, and eye
gl . . - . - .
- intequans ({heart, liver, kidney, etc.) - urogenital tract {vagina, anterior urethra)
e In disease all of these areas may be infected by pathogenic organisms
» r

Q : : : 241
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RECORDING THE RESULTS OF DIRECT BACTERIOLOGICAL EXAMINATIONS
The laboratory report must give a detailed description of all the elements and organisms found and their number,

Elements

Type: leukocytes, red blood cells, epithelial cells.

Organisms
Shape cocci, bacitli, etc
Arrangement pairs, chains, clusters

Staining properties Gram, Ziehl-Neelsen
Special characteristics spores, granules, etc.
Quantity occasional, a few, a moderate number, many.

Examples of reports

1. Pus from abscess {direct bacteriological examination) (Gram stain):

many leukocytes

a few red blood cells

a few epithelial cells

a moderate number of Gram positive cocci in clusters.

2. Urine (direct bacteriological examination) (Gram stain):

— a few leukocytes

— occasional red blood cells
— afew epithelial cells

— a few Gram negative bacilli.

3. Sputum (direct bacteriological examination {Zieh|-Neelsen):
— 5 acid-fast bacilli found/10 fields (2 +).

4. Throat specimens (direct bacteriological examination) (Gram stain):

a few leukocytes

a few red blood cells

a few epithelial cells

many Gram positive cocci in chains

a few Gram positive rods without spores {diphtheroids)
a few Gram negative diplococci .
occasional Gram negative bacilli.

Important:

It is rarely possible to diagnose a disease in the laboratory on the basis of the identification of the organisms found
by direct bacteriological examination of a specimen. The results of such ari examination, however, can help the

physician to establish a diagnosis when taken together with the symptoms shown by the patient.




' 30. Gonococei: Direct Examination of Urethral Pus. Syphills

GONORRHOEA '

The genococcus Nefsseria gonorrhoeae is the cause
of gonorrhoea, a very common venereal disease.
iis incubation period is 4 to 8 days.

Genitourinary discharge

Thick yellow pus:  gonococcus?
Clear whitish fluid: Trichomonas™*
Thick white exudate: fungus?*

Other exudates: non-specific urethritis
{not identifiable by direct examination).

*For Trichomonas and fungi, see page 186.

Principle

Smears of urethral pus are stained with Gram stain.
Gonococci can be recognized by three characteristics:
they are

1. diplococei (in pairs)
2. Gram negative .
3. intracellular (inside the leukocytes).

Collection of specimen from male

1. If possible, take the specimen first thing in the
morning before the patient has urinated. If
necessary clean the meatus with a swab moistened
with sterile sodium chloride solution.

2. Exert aslight pressure on the penis so that a drop of
pus appears at the meatus.

3. Remove the pus with a sterile inoculating loop or
apply directly to a clean slide.

4. If no pus appears, insert the sterile loop
approximately 2.5 cm up the urethral canal to *
obtain a specimen.

"

—

5. Prenare two smears that:

— areas thin as 'possible
-- cover as much of the slide as possible.




" The specimen should be taken by the physician or specialist nurse from the cervical canal. In cases of chronic
_gonorrhoea, the specimen should be taken just before or just after the menstrual period.

Direct examination is of great value for the diagnosis of gon.orrhoea in males; it is much less so in females. Culture
is therefore necessary to isolate and identify the gonococci in specimens from females.

" Staining the smears
Stain with Gram stain (see page 235). ‘

Treat thoroughly with ethanol after applying Gram iodine solution (reagent No. 31).
Wash with water at once after final staining with safranine solution (reagent No. 42).

Examination of slides

Pay particular attention to the edges of the smear,
where the elements are spread more thinly and are easier
to see and the stain is less concentrated.

Pus (Note whether there are many masses of
degenerate leukocytes. The nuclei are
brigl;t pink and the cytoplasm is colour-
less.

Gonococci  oval, kidney-shaped, Gram negative (pale
pink), arranged in pairs

Intracellular massed inside the cytoplasm of the
leukocytes (1)

Extracellular clusters seen between the leukocytes or
near ruptured leukocytes (2).

Evaluation of results of direct bacteriological examination of pus from urethra

Many leukocytes. Many leukocytes. Many leukocytes.

A few red blood cells. A few red blood celis. A few red blood cells.

A few epithelial cells. A few apithelial celis. A few epithelial ceils.

A moderate number of Gram OR No Gram negative OR No Gram negative
negative intracellular intraceliular diplococci. intracellular diplococci.
diplococei. A few Gram negative - No Gram negative

extracellular diplococei. extracellular diplococci.

CONCLUSION

Gonococci — positive Gonococci — suspicion : Gonococci — negative

Other bacteria ~ausing urethral infactions
‘Male

Nuinbers of the following may occasionally be seen in.smears of urethral pus:

- Gram positive cocci (staphylococci)
- Gram pogsitive bacilli (diphtheroids)
— Gram: negative bacilli.

The organisms are described on pages 239 and 240.
- Never make a direct examination for gonecocei on a smear of a urinary deposit.

7 Fomilo ‘ _
"+ All'kinds of organisms are found in the smears,

T ‘D;ill’ﬁCUI,Irly: L '
= Gram positive bacilli

- = Gram nenative cocci (saprophytes).
" Culture is therefore essential.

ERIC
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Dispatch of specimens for culture .
A. Using Martin & Lester’s “Transgrow” medium*

‘This is the best method, if the medium can be obtained
from a specialized laboratory.

30-ml bottles contain-8 ml of solid medium (along one
side of the bottle) are filled with a mixture of air
{90%) and carbon dioxide (10%). The bottle should
remain open for as short a time as possible to prevent
the escape of gas.

Note: This medium is usually supplied in flat bottles for
“convenience, but round bottles, as shown here, may alsc be used.

Cumg s

P

1. Place the bottle upright.
Collect the pus specimen on a swab.
Unscrew the bottle cap.

2. Holding the bottle as upright as possible (to prevent
the gas escaping), rub the swab of pus over the
whole surface of the solid madium, from one side of
the bottle to the other, starting from the bottom.

3. Replace the cap on the bottle at once.
Dispatch at nc:mal temperature.

Preservation time: up to 3 days, but the shorter the
delay the better.

" This transport medium is also suitable for
meningococci.

a4

-7 *US Department of Health, HMSHA Health Reports, 1971,
- \(ol. 86;:No. 1, page 30,
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Aruntoxt provia

.genital-organs; as a chancre, round or oval, 1or2cmin
‘diametar,'red'with hard edges. .

Non-nnlr:ll (udi_nicf qﬁiﬁlﬁi -

_ area. It mainly affects children.

B. Using semi-solid transport medium for gonococci

Stuart transport medium {reagent No. 60), can be
used in small 5-ml bottles with stoppers.

1. Collect the pus specimén on a sterile cotton wool
swab held in steril2 (flamed) forceps.

t

2. Put the swab into the transport medium in the
bottle.

3. Cut off the protruding portion of the swab stick
with sterile {flamed) scissors.

4. Screw the cap on the bottie at once.
Preservation time: 6 hours only at normal temperatures.

C. Using a Pasteur pipette

1. Draw the pus specimen into a sterile Pasteur pipette
plugged with cotton wool.

2. Place the pipette as it is in a sterile tube, padded and
plugged with cotton wool, as shown in the diagram.

Preservation iime: 6 hours only at normal temperatures.

There are otﬁqr ‘media; in each case observe the instructions given by the specialized iaboratory.

SYPHILIS

Syphilis is another venereal. disease, caused by a
spirochaete: the pale treponeme ( Treponema pallidum).

The incubation period is about one month. -
The first sign of the disease then appears, usually on the

This form of the disease is found in semi-desert regions such as

" the Sahel belt south of the Sahara and the Eastern Mediterranean

Yaws .

This it a non-vanereal diseass found in humid tropical climates. It

"'is causéd by a different treponeme (7. pertenue), which Ioks

identical to T pellidum.




Direct wet examination for treponemes in syphilis and yaws 7 “R\
" This can be caried out only by experienced persorinel in a laboratory equipped with a dark-ground condenser

microscope.

The examination is of no value when the patient has treated the lesion with ointment. In that case, wait 3 days
before making the examination. .

1. Clean the chancre with gauze moistened with sterile
sodium chloride solution. Dry it.

2. Scrape the edges of the chancre several times with
the flat blade of a sterile lancet. Do not draw blood.

s

3. Press with dry sterile gauze.

" 4. Remove the swab and wait a few minutes until a
- pinkish serous fluid appears. Draw off the fluid with
@& Pasteur pipette with a teat.

Aruitoxt provided by Eic:



5. Place a drop of the fluid on a thin glass slide
(designed especially for dark-ground microscopy).

6. Examine under the microscope using a dark-ground
condenser,

The treponemes of syphilis and yaws can be
distinguished from saprophytic treponemes of the
skin by their very thin bodies and characteristic
movement.

The technician needs special training to recognize
them.

Examination of dried and stained smears .
This is not recommended because of the presence of saprophytic treponemes on the skin and in the mucous
membranes. - '

Serological examination for syphilis and yaws, see VDRL test, page 288. This test shouid be repeated after 3-4
iveeks if the examination for treponemes is negative.




O
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31. Tubercle Bacilli. Ziehi-Neelsen Stain: Hot Method

Principle

- The tubercle bacillus Mycobacterium tuberculosis is acid-fast and stains red with Ziehl-Neelsen stain {see page 263),

while almost all other organisms stain blue.

The technique described below is based on Smithwick, R.W. Laboratory manual for acid-fast microscopy, 2nd ed., Atlanta, 1JS -
Department of Health, Education, and Welfare, Center for Disease Control, 1976, See also International Union against Tuberculosis,

Technical guide for co//ect/on storage and transport of sputum specimens and examination for tuberculosis by direct microscopy,
Paris, IUAT, 1976

Collection of sputum

The quality of the speclmen is very important; see page 254 for method of collection for dnrect examinaticn and
raye 265 if the specimen is to be dispatched for culture.

MATERIALS

— Glass slides {new if possible, unscratched)
— Inoculating loop

— Cotton wool plug on metal wire for flaming
— Alarm clock {timer).

REAGENTS

-- Carbon fuchsin for Ziehl-Neelsen stain
{reagent No. 13)

— Acid-ethanol (reagent No. 3)

— Aqueous methylene blue {reagent No. 38)

— Methylated spirit {for burning)

— Wash bottle of distilled water.

/
/
' |
PREPARATION OF SPUTUM SMEAR (<) Q
1. Prepare two slides. s‘

Take a purulent portion of the sputum, one for each
slide, using either une sterile inoculating loop or two N
to form tongs.
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2. Make the smears:

— as thin as possible

— covering as large an area as possible, tracing
concentric circles well separated but not
reaching the edges of the slide.

Important:

When the smears are completed, plunge the inoculating
loops into liquid disinfectant and shake to remove any
sputum. Then bring the loop near the flame, wait until
it is dry, then pass it through the flame. This prevents
infected sputum from being sprayed into the air on
expasure to the flame.

3. Fixation

Dry in the air and then fix the smears by passing the
slides three times through the flame.

4. Place the numbered slides on two glass rods over the
sink.

5 Carbol fuchsin staining — 5 minutes with heat

Cover the slides with carbol fuchsin, filtered before ’4
use, .

Dip the cotton wool swab in the methylated spirit,
~-ignite and pass slowly under the slides to heat them.




6. . As soon as steam begins to rise, set the timer at 5
minutes.

Continue to heat so that steam is seen, but without
boiling, for 5 minutes.

If the filtered stain starts to dry during heating, add
more fuchsin immediately to avoid drying.

7. Wash with distilled water

Cool. Wash the slides gently with water until the
water that runs off is colourless.

8. Decolorization with acid-ethanol
Cover the slides with acid-ethanol,
Leave for 3 minutes,
Wash the slides in ordinary tap water and drain.

Examine the slides; if they are completely
decolorized, stain with methylene blue as indicated
under 10 below.

If traces of fuchsin can still be seen (thick smear),
apply acid-ethanol again and leave for 1 minute.

9. Wash with water
Check that the slides are completely decolorized.

10. Methylene blue staining — 30 seconds
Cover the slides with the stain. Leave for 30 seconds.
quh with tap water for 1 minute.
Drain and leave to dry on a slide rack.




- tralght orsllghtly curved

—_quite short (1-4 um)

— ~often granular : ‘

— ‘arranged in groups of 3-10 bacllll close together, like

" 'bits of string, or forming letters or forked shapes
(they are often found near threads of fibrin).

A 0 2% solutuon of malachlte green in distilled water
can be used instead of methylene blue solution.
The procedure is the same. Malachite green stains the
backaround green; the tubercle bacilli stain red.

Do not mlstake the foIIowmg for tubercle bacilli:

1. Yeasts, stained more or less red. When heated they
often break up into groups of large red granules.

2. Spots of stain deposit (when the slide is not
_properly decolorized).

Important:

Another pathogenic acid-fast bacillus is tie leprosy
bacillus {see page 262). Various bacilli that are more

. or less acid-fast are found in nature, even in tap water,
These sometlmus Iead to an incorrect laboratory result.

How to examme slldes

el Make a complete examination of the first slide using the
“v. “oil-immersion objective {(maximum illumination, no
colour fllter) proceedmg as shown ir. the dlagram

_Posit)‘ve“;rlide . Negative slide

. When you.have seen about 10 acid-fast bacilli on the first Examine the first slide thoroughl\l (10 minutes),
sl ide, examme the second one to confirm the finding. then repeat with the second slide {10 minutes).
s nsconoms OF nesuu's
: sgmb.‘r'of acid-fast bacilli (AFB) found® . Report Alternatively
0 " 3; : Negltive for AFB -
1-2/300 fields . Number seen *
1-9/100 fields Number/100 fields 1+
1-9/10 fields : © Number/10 fields 2+
1-Qffield - - - . Number/field 3+
oftield s 9/field a+

. Method of Ccntor for Dmue Control and WHO in: Smithwick, R.W. Laboratory manual for acid-fast microscopy, 2nd ed., Atlanta
US Dmrtmmt of Hulth Eduution and Wclflrc, Center for Dmm Contro!, 1976.




NCIPL FZIEHL-NEELSEN '
: STAINING METHOD

e The becullus responsuble for tuberculosus in man is
: 'Mycobactenum tuberculos:s -

— human type ‘
— bovine and avian type (rare)

The baculh acid-fast, i.e., once they are stained red
by carboi ........n they cannot be decolorized by acid or
by ethanol...

Carbol fuchsin
— stains aII the orgamsms in the sputum red.

Organisms
that are not
acid-fast

Tubercle
bacilli

S
:'//

& -.}\\ \\
Seo
S =5 P
©
Ac:d-ethanol mixture: @ —N
4 N
- decolonzes all organisms and cellular elements »
. except acid-fast bacilli (tubercle bacilli).
s
Meﬂrylene blue: 0‘.”‘ \ -
— " stains blue all the organisms and elements \" ° -~ \
decolorized by the acid-ethanol muxture but the Yo

acid-fast boeulh remain red.

OTHER PATHOGENIC ORGANISMS
; FOUND IN' QUTUM

Culture isa ways necessary for thenr identification.
However, the presence of some species may be suspected
in direct examinations {Gram stain). (See page 239.)

(a) Pneumococc: ‘Gram positiva d:ploccccu ‘Each pair is
_ surrounded by a .capsuie that remains. colourless.

(b) Fungi: yeasts fulaments of mycehum with or
without pores. They may be pathogenic
(identification by a specialized laboratory necessary)

* or saprophytes that have muitlphed in the specimen
- after collection.

(c) Actinomycetes (granules} See page 240.

.. Parasites may be found i in unstained preparatcons
" eggs of pulmonary flukesand, very rarely, eggs of
. schistosomes and Syngamus




COLLECTION OF SPECIMEN h

Collect the first sputum of the morning.

The nurse or laboratory technician must be present and
the following procedure should be followed:

1. The patient should be standing, if possible.

2. He should take a very deep breath, filling his lungs.

3. He should empty his lungs in one breath, coughing
&y hard and deeply as he can,

4. He should spit what he brings up into the jar.

8

5. - Label the jaf clearly with his name and the date.

ERI
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Jars and boxes used ta collect sputum

Use reusable jars or stiff paper boxes made in the ‘
laboratory for on-the-spot collection (see page 70).

For cleaning and disinfecting of receptacles, see page 40.

After collection

Check that a sufficient amount of sputum has been
produced.

The sputum of an infected person usually contains:

- thick mucus with air bubbles

— _threads of fibrin

— patches of pus

— occasional brownish streaks of blood.

Important:

Liquid frothy saliva and secretions from the nose and
pharynx are not acceptable expectnrations. Have the
patient produce another specimen.

DISPATCH OF SPUTUM

Sputum is sent away for the culture of tubercle bacilli,
which-takes 1-2 months, for the establishment of anti-
biograms or for the inoculation of guinea pigs.

Fluid transport medium
A wide-mouthed, screw-top bottle containing:

-25 ml-of a solution of (.6% cetylpyridinium
bromide in distilled water.

Collect/on

- The patient should expectorate directly into the liquid
' ; in the bottle Screw on the cap and dispatch.

(esgrvatnon tgme. at least 10 days.
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Pulmonary tuberculosis can also be diagnosed by:

1. Direct examination (and culture) of gastric lavage fluids (particularly in children): centrifuge the fluids
at high speed for 20 minutes, make a smear of the deposit and stain like sputum.

2. Culture of laryngeal swabs.

For other sites of infection, bacilli are sought in:

1. Urine (renal tuberculosis): see page 305.

2. The pus of cold closed abscesses (tuberculosis of bone).

3. The cerebrospinal fluid (tuberculous meningitis, especially in children): see page 349.
4, Fluid aspirated from glands.

Examination of stools for tubercle bacilli is not recommended.




32. Tubercle Bacilli. Kinyoun Stain: Cold Method

Principle

The same reagents are needed for the cold staining
method but a more concentrated solution of carbol
fuchsin is used, making heating unnecessary.

Tubercle {and leprosy) bacilli remain red on a blue
background.

Advantages

The technique is simpler and faster than the hot staining
method (see page 249). 1t facilitates examination of
large numbers of specimens (e.g. in epidemiological
surveys).

It does, however, use up a lot of carbol fuchsin. For
routine work in a general laboratory the hot method
seems more suitable.

MATERIALS

—~ Timer

— Kinyoun carbol fuchsin {reagent No. 33)
— Acid-ethanol {reagent No. 3}

— Methylene blue {reagent No. 38).

PREPARATION OF SMEARS

Follow the instructions given on page 249.

STAINING

Place the slides on two glass rods over the sink.
« Do not treat more than 6 slides at a time.
Shake the bottle of fuchsin well just before using it.




Method
1. Kinyoun carbol fuchsin — 5 minutes
{do not heat).

Pour the fuchsin on to the slides. Each slide must be
completely covered.

2. Wash gently with water.

Rinse each slide thoroughly under the tap or in a
stream of water from a wash bottle.

Drain well.

3. Decolorize with acid-ethanol — 2 minutes
Cover each slide.

Leave for 2 minutes (thin or thick smears) or until
no more colour appears in the washing.

7

4. Wash gently with water.
Rinse each slide under the tap.

.- ... 5.- Counterstain with methylene blue — 30 seconds
Wash gently in running water
Dry in air.

.. SLIDE EXAMINATION — RECORDING RESULTS

" Follow the instructions given for the hot staining
method (me 262).




s in Nodules and Skin L& ane

33. Leprosy: Examination for the ®x

Principle
Cases of lepromatous leprosy show:

— small nodules on the lobes and rims of the ears
— nodules and larger patches on the face and body.

Leprosy bacilli are often present in large numbers in lepromatous lesions, but are usually very sparse or not seen at
all in tuberculoid lesions. The bacillus is known as Mycobacterium leprae or Hansen’s bacillus.

A lesion is incised superficially without causing bleeding. Serous material from the incision is spread on a slide,
airdried, fixed for 3 minutes in formaldehyde fumes, and examined under a microscope after staining by a
modified Ziehl-Neelsen method. Mycabacterium feprae is acid-fast.

MATERIALS )

— Scalpel :
—. If available, forceps with rounded ends and no teeth,
" or curved clamp forceps with no teeth, or tissue

(I

Reagents needed for modified Ziehl-Neelsen
staining, listed below.

=
forceps
Large Petri dish
Slides -
Gauze '
Ethanol yd — 7
Commercial formaldehyde (37%) U m&/

REAGENTS

— Carbol fuchsin (reagent No. 13) with solution A
modified to contain 10 g (instead of 3 g} basic
fuchsin

— Acid-ethanol (reagent No. 3) modified to contain
1 ml concentrated hydrochloric acid, 66 ml 95%
ethanol, and 33 ml distilled water

— Methylene blue solution (reagent No. 38) modified
to contain 30 ml 95% ethanol and 70 ml distilled
water. .
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1.

g » SPECIMEN FROM EAR

Examine each ear in good light beamed from the

side:

Look for lesions: small swellings (infiltration) with a B
shiny surface, of different sizes.

Select the most congested lesion or nodule.

ERIC

Aruitoxt provided by Eric:

Clean the area with a gauze swab moistened with
ethanol. Flame the forceps and scalpel. Scalpels can
be sterilized beforehand in small glass tubes plugged
with non-absorbent cotton wool. Avoid iodine.

. Squeeze the ear lobe hard between the blades of the

forceps to stop the flow of blood to the area.

. Holding the forceps firmly, make a superficial

incision lengthwise in the middle of the lesion:
— about0.5cm long

. — . 2-3mm.deep.

Still squeezing with the forceps, scrape the bottom

and edges of the incision with the point and blade of

the scalpel. Collect on the scalpel the colourless or

gin:i;h serous material from the lesion. Do not draw
blood.

... diameter-on a slide numbered with adiamond ______

. With the flat of the blade spread the serous material
~in a circular motion over an area 5-7 mm in

_ pencil. 2-4 smears from the same patient may be
_put.on a single slide. o




7. vLeave the slide to dry in a dust-free place. When the
- gmears are completely dry, fix them with formalde-
~hyde fumes in a large Petri dish containing a rack.
Add enough formaldehyde solution to cover the
bottom. Place the slides on the rack. Cover the Petri
dish and leave for 3 minutes.
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8. Stammg the smears:

— " Flood each slide with § ‘resniy filtered carbol fuchsin
and allow to stand for 20 minutes.
~ - Wash the slides gently in tap water (in a beaker with
the smear-away from the stream of water); they
. may be allowed to stand in the beaker until
-decolorization.
- Decolorize one slide at a time by gently streammg
__with acid-ethanol until this flows clear and
© ~colourless.”
— Wash the slldes again in tap water and allow them
to stand wet until counterstaining.
—_ Counterstain with methylene blue solution for
1 minute (see page 251). .
Note: For description of Mycobacterium leprae, see
page 262.

i

SPECIMENS FROM THE BODY AND FACE

Examine the body and face for:

A lesions similar to those found on the ear, but often
larger

g lpapules, flat patches (maculae) or plaques; they are
lighter in colour or thickened areas of skin looking
like orange peel, infiltrated.

A sample can also be taken from an area of skin just
showing signs of leprous infiltration.

Choose the most acutely infiltrated lesion and select a
sute for. collectuon of the specimen. This should be:

/umnuduhudye of-the pagh ~where the.skin .. — - ...
* appears to be altering most rapidly. (This is
i mpomnt to ensure that bacllla are detected )




1. Disinfect the area with gauze dipped in ethanol.
Pinch the site hard with clamp forceps without
teeth.

2. Continue to hold firmly. .
With the tip of a scalpel make an incision:

— 0.5cm long
—~ 2-3mm deep

3. Scrape the bottom and edges of the incision with
the tip of the scalpel. :

Collect a quantity of pulp and serous material.
(Continue to squeeze to prevent bleeding.)

4, With the scalpel spread the specimen in a circular
motion over an area 5-7 mm in diameter on a glass
slide numbered with a diamond pencil.

3-6 specimens from different lesions can be put on
the same slide.

Dry and fix the smears as indicated on page 261.

Stain as indicated on page 261.

Clean the incision with ether or ethanol and apply a
dressing if there is bleeding.

DESCRIPTION OF LEPROSY BACILLUS

Similar in appearance to the tubercle bacillus. Like the
latter, it is acid-fast and stains red.on a blue background
with the modified Ziehl-Neelsen technique.

Size 1-8um
Shape longish rods straight or slightly curved
with rounded ends
Granulation often granular, with bright red granules
‘ separater by colourless spaces’
Arrangement ({a) eit::2r in groups of 2-5 arranged in
pasailel
e e {b) or in larger groups or clusters™ " "
{c) or in large numbers in circular masses
called *“globi”’.




Indicate degree of positivity:

No bacillusper 100 fields .. ............. 0

RECORDING T.:% RESULT 1-10 bacilli per 100 fields. .. ........... 1+
1-10 bacilliper 10 fields............... 2+

_awd the It as follows: 1-10 bacilli per 1 field. .. .............. 3+
dithe result as follows 1-100 bacilli per 1 field. . .« «ovvoe o 44

— specimen from plaques or nodules on ear, etc. lore than 100 bacilli per 1 field......... 5+

— examination with the x 100 objective, using the x 6
cyepieca: no acid-fast bacilli seen
— or, shows acid-fast bacilli (specify whether in globi)

Imp. . wiive wi examination of plaque~ or nodules
Always begin by examining specimens from plaques or nodules, if any. v

Bacteriological and morphological indexes
. These indexes can be calculated on the request of the physician.

{a) Bacterio/déf&é/ index. Add all the positive findings from all body sites where a sample has been taken and divide
the total number of positives by the number of sites. For example:

site 1 = right ear +++
site 2 = left arm +
site 3 = back ++ ]
total 6+

bacteriological index 6/3= 2+

(b) Morphological index. Examine 100 bacilli on the prepared slides. Count the number of bacilli that are
uniformly stained red down their length (*‘viable bacilli”’). If the number of viable bacilli is, for example, 8, the
morphological index is 8%. This index is used for the first diagnosis and follow-up of multibacillary patients.

Culture

There is no method available for the in vitro culture of Mycobacterium leprae. The organism can mulitiply,
however, in the foot pads of mice and in the armadillo.
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34. Leprosy: Examination for the Bacillus in Nasal Smears |

MATERIALS

Plastic or cellophane sheet, thin

Cotton wool swab on stick (the wisp of cotton wool
should be as small as possible

Slites, numbered with a diamond pencil
Tube of sodium chloride solutian {reagent No. 45)
Reagents necessary for staining by the modified

Ziehl-Neelsen method: see page 259.

-

Specimens are best prepared from an early-morning
"nose blow’’. The patient blows his nose thoroughly
into a small clean dry sheet of cellophane or plastic.

1. With a small cotton wool swab, slightly moistened
in sodium chloride solution, transfer some of the

opaque material from the plastic sheet toa
labelled microscope slide.

2. Spread the material as evenly as possible on the
slide. Two or more smears of the same material
may be made on one slide.

3. Leave the smears to dry.

4. When completely dry, fix with formaldehyde fumes
(see page 261).

5. Stain by the modified Ziehl-Neelsen technique
{see page 261).

6. Examine under the microscope and record the

results as indicated for examination for the
bacillus in nodules and skin lesions (see page 263).

INTERPRETING THE RESULTS OF EXAMINATION OF NASAL SMEAR

Type of leprosy Result of exarnination
— lepromatous very often positive
— bordertine often positive
- t'uberculo_id usually negative
— indeterminate often negative
Important:

Examinations for the leprosy bacillus should be carried

out chiefly on scrapings from skin lesions (ears, face,

body). This technique is described on page 259,
__Examination of nasal smears is also a routine require-

ment.

Note, however, that nasal smears sometimes contain

non-pathogenic acid-fast bacilli that are not leprosy

. bacilli,
[RIC 2 2o
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35 Piébue: Examination for the Bacillus

Principle

- _Confirmation of plague infection requires the isolation

*.and identification of the plague bacillus, Yersinia pestis.
‘During epidemics or epizootics it is often possible to
reach a presumptive diagnosis on the basis of the
_presence of the characteristic bipolar stained plague
bacilli using Wayson stain (reagent No. §7), in specimens
collected from a bubo by aspiration.

*  COLLECTION OF SPECIMENS

Mawrials

— 10 ml or 20 ml syringe with 18-gauge {1.2 mm)
or 19-gauge (1.0-1.1 mm) needle

— Tincture of iodine
0% et '

— wodium ¢, ori 257 fetion freagent No. 45)

— Glass slides

Method

1. Disinfect the skin of the bubo with tincture of
iodine.

2, Draw a few millimetres of sodium chloride solution
into the syringe through the needle.

3. Holding the syringe between the thumb and finger
of the right hand, insert the needle into the bubo.

4. With the left hand, pull back the piston of the
syringe slowly. Fluid {(which may be bloodstained)
should appear in the syringe.

If no fluid appears in the syringe, inject the sodium
chloride solution into the bubo by pressing gently
on the piston with your thumb. Move the needle
about in the bubo with a circular motion. Then
slowly pull back the piston again, until the syringe
is about half full, if possible.

5. Withdraw the syringe, and swab the puncture site
with cotton wool impregnated with ethanol.

6. Holding the syringe upright, let 1 or 2 drops flow
from the needle on to a slide, and prepare a smear
as described on page 232.

7. If bubo fluid is to be sent to a specialized laboratory
for culture, a few millilitres should be inoculated
into Cary-Blair transport medium (reagent No. 14)
and the sealed screw-capped bottle should be
dispatched in a double container (see page 74).

8. Immerse the syringe and needle in 5% phenol,
withdrawing the plunger gently (see page 39 fcr -
disposal of infected material). #

Important: When handling bubo material, the greatest O
care must be taken to avoid the production of an
- aerosol (the dispersion of minute droplets in the air),
-~ which might lead to the accidental infection of others
. and the spread of pneumonic plague. - .




2 EXAMINATION FOR THE BACILLUS

Matarials

Methanol {chemically pure)

Glass slides
Wayson stain {reagent No. 567)

Tap water.

I

Method
1. Fixation

(a) Place the air-dried smears in a staining jar filled with
chemically pure methanol for 5 minutes.

{b) Remove the slides and allow them to dry in the
air before staining.

L 2Smmng ,
" (a) Cover fixed smears with Wayson stain for 10-20
o -seconds. - ;

(b) Carefully wash the slides in tap water.




{c) Allow to dry and then examine under the oil
immersion lens {x 100}, looking at thin areas of the
stained films for the characteristic plague bacilli,

Results

With Wayson stain the polar bodies of Y. pestis are blue
and the remainder of the smear is reddish.
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'36. Dispatch of Stool Specimens

It is often necessary to send stools elsewhere for bacteriological culture:

— for the detection of cholera vibrios
— for the detection of other bacteria causing dysentery (Sal/monella, Shigella, etc.)

The same mathod of transport may be used for both if Cary-Blair transport medium (reagent No. 14) is used.

USING CARY-BLAIR TRANSPORT MEDIUM

Cary-Blair transport medium will preserve many kinds of enteric bacteria {cholera vibrios, other vibrios, salmonella,
shigella, etc.) for up to 4 weeks. The uninoculated medium may be stored at room temperature for 8-12 weeks
before use, if in a sealed bottle.

1. Dip a sterile cotton wool swab in the stool specimen.

. 2. For infants or other patients without a stool
specimen take a rectal swab. Moisten the swab with
sodium chloride solution and introduce the swab
in;0 the rectum. Turn the swab several times with a
circular movement. .

3. Plieé_the swab in a bottle containing'Cary-Bla'ir
_medium (% full). If a delay is unavoidable store at
room temperature. o i :

2t




O

ERIC

PAruntext provided by enic [l

Important:

1. Never store in the incubator.
2. Never store in the refrigerator.

USING BUFFERED GLYCEROL SALINE

When specimens arz to be sent for cuiture of enteric
organisms other than cholera vibrios and Cary-Blair
transport medium is not available, buffered glycerol
saline may be used {reagent No. 10). . :

Note: If the buffered glycerol saline in the bijou bottle has
changed colour from pink to yellow, discard it and prepare a
fresh solution.

1. A bijou bottle with a capacity of 7.5 ml is
recommended. Fill it to within 2 cm of the top.

2. Place the stool swab or rectal swab in the medium
and then send it directly to the bacteriology
laboratory.
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37. Direct Examination of Specimens from the Throat.
Dispatch of Specimens

3

Advantages

Direct microscopical examination of a stained smear
prepared from a throat specimen sometimes gives an
indication of the organism causing an infection.
Bacterial culture is needed to establish the identity of
the organism with certainty.

Organisms responsible for throat infections

— diphtheria bacilli (Corynebacterium diphtheriae)

— streptococci

— acombination of spirochaetal and fusiform
organisms

— Candida (a fungus)

— various other less common species.

MATERIALS

—  Sterile cotton wool swabs in test-tubes for the
collection of specimens (for preparation of swabs,
see page 274)

— Tongue depressor or spoon

— Reagents for Gram staining (see page 235).

COLLECTION OF SPECIMEN

Ideally this should be done by the physician or nurse,
but the laboratory technician may be calied upon to
take the specimen.

1. The patient should sit facing the fight (or an electric
torch can be used).

2. Teli the patient to open his mouth without putting
out his tongue, and to say ‘"Ahhhh...".

3. While he is saying “Ahhhh..."” press the outer 2/3 of
the tongue down with the tongue depressor, using
the left hand. The tonsils (T) and the back of the
throat framed by the arches (A) should be visible.

4. Introduce the swab with your right hand. Do not
touch the tongue, which is coated with organisms.

5. Locate the infected (inflamed) part of the throat.
It will be very red or white depending on the case.
Usually the infection is located in the tonsils or ™.

S
~

fauces. ..

6. Rub the swab firmly against the inflamed part,
turning it round, and collect membranes, if present.

7. {f nothing abnormal is seen, swab the tonsils, the
fauces and the back of the soft palate.
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PREPARATION OF SMEAR

Streak 2 or 3 slides with the swab, using a rolling
movement to make sufficiently thick broad smears.

If the smear is to be inoculated on a culture medium or
dispatched in a transport medium, take two swabs:

-~ the first for the medium
— the second for preparing smears for direct
examination.

BACTERIAL EXAMIMATION —
DETECTION OF DIPHTHERIA BACILLUS

In all cases a smear should be stained by the Gram
method (see page 235). |If diphtheria is suspected a swab
should be placed on Loeffler culture medium* and sent
to a specialized laboratory.

*Obtainable from the national reference laboratory.

Description of diphtheria bacilli

Narrow Gram positive rods, straight or slightly curved
and often enlarged at one end or both ends. They are
arranged:

— inrows (a)
— or scattered (b)
— orin V formations (c).

Reporting the result

When reporting the presence of diphtheria-like bacilli in
a throat swab, state that it shows the presence of Gram
positive bacilli resembling Corynebacterium diphtheriae.
The reason for this is that diphtheria bacilli can only be
identified with certainty following culture.

N
£
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Other varieties of bacteria

Direct examination is of little use if a mixture of
different species is found. They may be pathogenic or
non-pathogenic and include:

streptococci (a)

pneumococci (b)

Gram negative diplococci {Neisseria} (c)
Gram negative bacilli (d)

staphylococci (e), etc.

(R

The report should give a full description of the
organisms found (quantity, appearance, reaction to
Gram stain).

Combination of spirochaetal and fusiform organisms

Responsible for the necrotic ulceration of the mouth
and throat known as Vincent's angina. Large numbers of
the following are found, mixed and in equal quantities:

1. Fusiform bacilli: Gram negative, long, with tapering
ends.

2. Treponema vincentii: Gram negative spirochaetes,
often poorly stained, 10-25 um long, in 5-7 loose
irregular spirals (often curled at the end).

Candida

A fungus responsible for thrush or moniliasis (chiefly in ¢ &b ]
infants). The following may be found: d

(a) Yeasts: oval or round spores, 2-4 um in diameter, -
thin-walled, budding. They are strongly Gram
positive.

(b) Mycelium-like filaments: varying in length, 4 um in
breadth, with rounded ends.

To obtain a better presentation of these forms,
make a wet preparation by dipping the swab in a
drop of sodium chloride solution and examine
between a slide and coverslip.




DISPATCH OF THROAT SPECIMENS
{to a bacteriology lahoratory for culture)
1. Dispatch of swab alone ‘

As soon as the specimen has been collected, replace
the swab in its sterile tube and send as it is to the
bacteriology laboratory.

Preservation time: 4 hours at the maximum.

2. Dispatch for the detection of diphtheria bacilli

{a) Using tubes of coagulated serum {which must be
stored in the refrigerator):

Rub the swab over the slanted surface of the serum,
starting from the bottom and not applying pressure.
Send the same day.

Maximum transport time: 24 hours.

{(b) Using Loeffler medium in a special tube for swabs:
Insert the swab immediately after collection of the
specimen in the cylindrical space in the centre of the
medium. Send the same day.

Maximum transport time: 24 hours.

3. Dispatch for the detection of meningococci

This is seldom necessary, except during epidemio-
logical surveys looking for carriers of meningococci.
if possible, use the *’ Transgrow’’ medium or Stuart
medium (see page 245).




PREPARATION OF SWABS

If possible, swabs should be prepared at the central
level using a detoxifying technique; if not possible,
the following technique might be used.

1. Prepare some thin sticks of wood (or aluminium
wire), 18cm long and 2 mm in diameter.

Prepare strips of cotton wool, 6 cm long by 3cm
wide and as thin as possible.

2. Roll the cotton wool round one end of the stick. If
metal wire is used, flatten the end first.

3. Mould the swab in a conical shape.

4. Place in a thick Pyrex tube. Plug with non-absorbent
cotton wool. Sterilize.




'" 3BDirect Bacteriological Examination of Urine

Value

In healthy persdns the urine contains praéfically no
organisms, Bacteria may be found:

=~ where there is an infection of some part of the
urinary tract (lower tract: urethritis; bladder:
cystitis; kidneys: nephritis)

— or where bacteria from an infection elsewhere in the

- body are excreted in the urine.

Principle of direct examination

The urine is centrifuged at high speed. Microscopical examination of the urinary sediment as described on page 325
is essential and the most important part of the analysis. However, the deposit may also be used to make smears that
are: :

— dried and fixed

— stained by Gram and Ziehl-Neelsen stains

— examined under the microscope.

Culture is always essential for pl:écise determination of the identity of the organisms found and the quantity‘
present. , ,

MATERIALS — REAGENTS

— Sterile 260 m| Erlenmeyer flask with stopper

— Electric centrifuge

— Sterile conical centrifuge tubes with stoppers

— Slides

— Inoculating loop .

— Bunsen burner

— Reagents needed for Gram staining (see page 235)
and Ziehl-Neelsen staining (see page 249).

COLLECTION OF URINE

The genitalia should be cleansed beforehand {see
instructions on page 308).

‘g

Collect a midstream specimen in the sterile flask.
Examine as quickly as possible. (Another way is to
collect the urine in a conical tube only rinsed in boiling
water, and to examine immediately )

METHOD

1. In asterile tube, stoppered either with a screw-cap
or with a plug of sterile cotton wool fixed with
gauze and string, centrifuge:

- — 10 ml of fresh urine
at average speed for 10 minutes.




2. Pour off the supernatant urine.

3. Mix the deposit, using the inoculating loop
(stenllzed by flaming), until it forms a homogeneous

suspension.

4. Make 2 smears. Let the 2 slides dry. . @—7

Fix by flooding with ethanol and flaming or by
heating.

5. To stain:

slide 1 — Gram stain (see page 235)
slide 2 — Ziehl-Neelsen stain (see page 249)




Examine under the microscope {x 100 oil-immersion
objective).

Look for pus: many leukocytes stained red by Gram
stain.

Look for organisms such as:

1. Gram_negative bacilli

2. Gram positive cocci

3. Gram positive diphtheroid bacilli
4. Gram positive yeasts.

See page 238 for descriptions of the above organisms.
Tubercle bacilli: see below.

RESULTS

State whether there are leukocytes or pus present. Give
a precise description of the organisms found.

Example

Many leukocytes

A few red blood cells

A few epithelial cells

Many Gram positive cocci in clusters.

Or

A few leukocytes
Occasional red blood cells
A few epithelial cells

A few Gram negative bacilli.

Gonococci

Never give a diagnosis of gonococci on the baxis of an
examination of a urinary deposit. Look tor gornucocci in
urethral pus (see page 243).

TUBERCLE BACILL!

The slide stained by Ziehl-Neelsen stain is examined for
tubercle bacilli.
If this examination is specifically requested:

— centrifuge 10ml of urine at high speed for
20 minutes.

The bacilli stain dark red.
They are arranged in rows.
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URINE CULTURES

Urinary deposits are inoculated on selective culture
media. Another simple technique has been recently
described using direct microscopical examination after
Gram staining of urine that has not been centrifuged.
The numbers of pus cells should be recorded as well as
the appearance and effect of staining with Gram stain
on the bacteria found. The foilowing table indicates
how the results may be interpreted.

Pus cells* Bacteria Possible interpretation
>3 Gram positive cocci or Gram negative bacilli Presence of urinary tract infection
<3 Gram positive bacitli or mixed flora Contaminated or not fresh specimens
<3 Gram positive cocci or Gram negative bacilli
but not mixed Bacteriuria without pyuria
>3 None Urinary tract infection after antibacterial
therapy

— tuberculosis
— mycoplasma

*In the high-power field.

This procedure is essential:

-- 1o identify the species of bacteria

—  to determine the numbers of bacteria present (if
they result from contamination of the specimen
after collection, very few will be present)

— to isolate small numbers of organisms

— to establish the most effective antibiotic for treat-
ment (antimicrobial susceptibility tests}.

O




~ 30, Water Sampling for Bacteriological Analysis

Principle

Various bacteriological tasts must be carned ‘out to determine whether water is safe for humans to drink. These
tests are designed to identify and count the number of organisms that contaminate the water. They are usually
performed in spectahzed laboratories.

Technicians’ working in field laboratories must be able to collect water samples properly and send them to the
apprepriate laboratory {bacteriology, public health, etc.) for analysis.

The water sample ritust be coilected under sterile conditions to be sure that no outside organisms contaminate it.

MATERIALS

250 ml white glass bottle with ground glass stopper, washed and rinsed with distilled water
Bruwn wrapping paper

String

30 g/1 solution of sodium thiosulfate (reagent No. 49)

Cotton wool

70% ethanol .

‘Thermometer 0-50 °C.

The water sample may be taken from:

— atap
a well
— an open water source such as a lake or river,

METHOD

Sampling tap water
A. Preparations
1. Place in 250 ml sampling bottle: '

— 2 drops of sodium thiosulfate solution.

2. Replace the ground glass stopper. Cover the stopper
with a piece of wrapping paper and tie it on firmly
with string.

3. Sterilize in the autoclave for 30 minutes at 120 °C
at-a pressure of about 100 kPa (about 1 atm,
1 kgf/cm?, or 151bf/in?). :




B. Taking the sample

1. Dip a cotton wool swab in 70% ethanol. Disinfect
the tap by lighting the swab and holding it under the

tap.

2. Turn on the tap and let the water flow for 2 minutes.

3. Remove the stopper from the bottle with your left
hand. Hold the bottle in your right hand under the
tap until it is % full of water.

4. Replace the stopper in the bottle immed'iately. Put
the paper back over the stopper and tie it around
the neck of the bottle.

\

"5, Fill in the information sheet’ {see model, page 284).
If possible, collect a second sample from the tap and
take the temperature of the water.

_Pack the bottié o,fvwater upright in a box.

\V},‘ ;

ERIC.

Aruitoxt provided by Eric:




Sampling weii-water
A. Preparations -

1. Attacha suntably-slzed stone wuth strmg to the
middie of the bottle :

Take a20 metre Iength of strlng rolled round a stick,
and tie one end round the neck of the bottle.

2. VWrap brown paper round the stopper and fix with
string.

Wrap everything in a large sheet of paper and place
in the autoclave for 30 minutes at 120 °C.

B. Taking the sample

1. At the well, open the sterile package without touch-
ing the contents.

Rub your hands with 70% ethanol.

Remove the stopper from the sampling bottle. Place
the stopper on the sterile wrapping paper.

2. Lower the bottle, weighted by the stone, into the
well, unwinding the string slowly. Do not allow the
bottle to touch the sides of the well. ~

3. “Immerse the bottle completely in the water at the
- bottom of the well.

Q
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4. Rewind the string round the stick to bring up the
bottle full of water.

5. Pour off the top % of the water collected in the
bottle.

6. Replace the stopper.
" Put the wrapping paper back over the stopper and
tie around the neck of the bottle.

Fill in the details on the information sheet.

Sampling open water sources: lakes, streams, rivers, etc.

A. Preparation
1. A sterile 260 ml sampling bottle without sodium
thiosulfate solution can be used.

- B. Taki'n'g"‘ihe sample - _
1. Hold the bottle near the bottom and plunge it, neck
downward, below the surface to a level of about

sdowrw , , |
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* 2. Turn the bottle until the neck points slightly
' upwards, with the mouth facing the direction of the
B current if any.

3. When the sample is callected stopper the bottle. Put
the wrapping paper back over the stopper and tie
round the neck of. the bottie. Label the bottle clearly
and send it to the laboratory without delay

Dispatch \

Dispatch the sample the same day. Keep water samples in the refrigerator before dispatch

] - ) Mark on thé outside of the box: '
- ‘ upP

DOWN

URGENT
1 Pack in a wooden box:
— -with-alid -

= - with wqoden'supports inside to keep the bottles upright.

a

' ‘et -contamers are. avallable for the
;f w t speclmens wsthout splllage or

El{lc
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MODEL REQUESTFORM -

This form must be filled in and sent with the water samples.

Watercollected @t . . . . .. .. i it i e e (locakity) .. ovv i {exact spot)
Source of supply: Tap Standpipe with pump Well Spring Storage tank River

Is the water used for drinKing? . . . ... .t i ettt e e e
Are there fatrines in the vicinity? No YeS: . o metres away

Temperature of the water'_ ....................... °c

Name of sampling teChnician . .. .. ... ..o euinenanaenaennns Signature . .. ......... D

*Water temperature at the site. Do not measure the temperature of the water in the sample bottle!

29()
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40 Dlspatch of Serum and Drled Blood Specimens for
- : Serologlcal Examination

Serologrcal examinations are carried out to determine whether the blood contains antibodies against various
“infectious diseases.

The blood is centnfuged to separate the serum from the clotted red cells. The serum must be kept sterile.

Drled blcod -

Some serological tests can be carried out on drops of blood collected on filter paper and dried. Just before the test,
the blood is absorbed into a solver:t.

SERUM _

Materials

"= Equijpment for taking blood
— Centrifuge . ; -
— Sterile round-b ttomed 10ml centrifuge tube with
T screw cap or rubber stoppor sterile Vacutmner tube,

. or sterile dry syrmge R
‘— Sterile Pastenr pipettes
=~ Teats
- Forceps
- Sten’le 10ml botitle wnth a:rtrghtacrew cap (rubber
liner
— " Bunsen burner,

Colloctnon of serum
1 Collect’ 10 ml ’

Vf';venous blood from the arm.

emove the needle from the syringe. Expel the
he'centrnfuge tube Stopper the tube of

Emc,,.ﬁ,

L



4 V'After 30 mmute: t0. 2 hours, but not more, centri-
;fuge at hrgh speed for10 mrnutes

'If no centrifuge is available, the blood canbe left in
‘the refrigerato for several hours, the cIot will ,

- B, Unstopper the tube of blood. Draw off the serum
into a stenle Pasteur pipette.

,6 ~Expel the serum into-the sterile 10 ml bottle
Replace the cap ammediately

For some serolomcal examinations, an antiseptic
preservative can be added to the specimen (e.g.
thiomersal)*. Follow the instructions given by the
reference Iaboratorv ,

) "Al_so known as mertmolete and as thimerosal. . .

Dispatch

1. Label the bottle with the patrent s name and the
date.

2. Sealthe stopper with. stscking plaster.
‘ Wrap the bottle in absorbent paper or gauze.

_ 4. Place'in an aluminium container and wedge with 2
‘ pads of cotton wool.

i 5. Place the contmner in a cardboard or wooden box.

6. Make sure that the transport time does not exceed : ,
-3 days. : . ¥ : luullmuu '
' : S s

.“’ .

épecim’ens se'nt by car snould be 'packed fn an ice box.

o_g@oct urologlcal examinatrons can be kept in the freezer compartment of the refrlgerator at- —2 C or Iower £




ERI

: COLLECTION AND DISPATCH OF DRIED BLOOD
Matcnals

‘Sterile blood Iancets

“Whatman No. 4 filter-paper {or ordinary thin filter

paper) cut'into rectangles of 4 x 3 cm
Small plastic bags, if available.

Method

1. Take capillary blood from the fmger in the usual
way {page 189).

2. Collect a large drop of blood in the middle of the
strip of paper. Let the paper absorb the drop of
blood completely. Leave to dry in the air.

Dispatch .

Write the patlent s.name and the specimen number
on the paper. Place it in a small plastic bag or an
ordinary envelope. -

: The strips of paper can also be stuck on pins set in small -
blocks of plastic foam in a box with numbered compart-
ments ( mass su Neys)

"Prmnmion :

Specimens will keep at least 2-3 weeks at room
temperature in all cl.mates

Aruitoxt provided by Eic:




DRLstands forVen real DiSee;e Reeeerch Laboratory, where the test was developed.

The reaction betwee e anti gen and the antnbodues
results in flocculation of the suspension {micro-

. agglutunatuon) in tropical conditions the VORL test

. should. be preferably carrued outata: temperature of

23-29 °c

- —Water bath at 56°C
= Rotating machine (180 r/min)
- Microscope with x 4 to x 6 eyepiece, x 10 objective

. .and mechanical stage. , , Ll R
— Glass VDRL plates with flat-bottomed ceramic or Co Eﬂ j PERERIENT #7 ﬂ '
" paraffin rings 14:mm in diameter : ’

= Zmisvrings ol 900 v 80 |

~ .. Special needle wit out tave euvermg drops

~ _perml (18“?augg "2"“?) neer.‘lle| st:Wn :ff a(t’ the OO o o
CLtpR ary asteurppettecu rated to deliver L R

A =llololele)
—=0.2.mi pupettes graduated in 005 mi {or 1.6 mi oooo

pipettes graduated in1/ 100)
: Beakers

E VDRL antugen prepared on the day of use.

: Known;posutwe sera: positive and weak. posmve controls
Known negatwe ‘sera: negatwe control.

f Pnpmtion of antigen suspemion for VDRL test

: 1. The antigen is an alcoholic solution of hprds (cardio-
~ " lipin and lecithin) and cholesterol These substances

are not solubl |n water

repal ed by mixing the
n for the: VDRL test.

ERIC
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" Materials for preparation of the antigen suspension
30 ml narrow-mouthed bottle with ground glass
stopper, 35 mm diameter at the bottom

1 graduated pipette, 5 ml capacity

2 graduated pipettes, 1 ml capacity

Watch with second hand

VDRL antigen

VDRL buffer solution, usually supplied with the
antigen (reagent No. 11).

Examine the antigen by holding it against the light. If it
contains particles or precipitate it should not be used.

1. Check that the bottom of the bottle is perfectly flat
inside. If not, discard the bottle.

0.4ml ; .
2. Usinga 1 ml pipette, measure 0.4 ml of VDRL VDRL
buffer solution, as follows: B‘f“"
— place the tip of the pipette against the bottom
of the bottle K ~
— let the solution flow into the bottle.

3. Using the 1 ml pipette, measure 0.5 ml of antigen .
into the lower half of a 1 ml pipette graduated to [
the tip. Check that the antigen in the pipette is
perfectly clear (no precipitate).

4. Keeping the mouth of the pipette tightly closed,
insert the tip into the upper third of the bottle.

5. Begin rotating the bottle, held flat, on the bench top.

- maa




6.[ Whlie contmumg 1o !otatqthe botﬂe gradua|ly

= relax the pressure of the finger- scaiing the- mouth of
~the pipette so that the 0.5 mi of antigen falls drop
by drop Wi thout spiashmg uponto the pipette.

¢ (This should tlke about 6 seconds, or 18-29 turns round acircle -
;. ofbem dtamaur )

7 Blow out the last drop of amagen (without touchmg
the solusion wuth the pipette).

- Continue to rotate the bott|e held flat, for a further
10 seconds.

8. Using the 5 ml pipette, add at once:
— 4.1 mi of VDRL buffer solution.

9 Replace the ground glass stopper in the bottle.
Shake the bottle up and down about 30 times for
- 10 seconds. o

The antigen suspension is ready for use and must be
_used the same day. .

Pnlimlnuy mﬂng of antnpn suspcmion

Aruitoxt provided by Eic:

of graded reactmty (knbwn rmnve weakly reactwe, non-reactwe) are tested agamst the :



. A. VDRL SLIDE QUALITATIVE TEST ON SERUM
1. Examine the serum to be t_eéted, to see if it is:
— ‘clear e

— cloudy .
— haemolysed (pink; do not use).

2. Set the water bath at 56 °C.

Leave the tubes {plugged with non-absorbent cotton
wool and numbered) in the water bath for 30 -
* minutes. - -

- Examine all the sera when removed from the water
bath and centrifuge again those in which there isa
- _.deposit. o o

N

3. Meanwhile,. check the speed of the rotating machine:
- 180 r/min, or.15 revolutions per 5 seconds.

‘Lé‘ayg:gbe'uta to cool to room temperature before
starting the test (15 minutes after removal from the

water bith). .

of the corresponding seru

m.
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Shake the bottle of antngen suapcmnon gently. and
{immediiately; in a'single movement, ‘draw-about

.5 ml of the suspension i ] synnge wuth tha ‘
speually prepamd 18-gauge needie. . - .

Let the 1st drop of suwmn fall back int e

8 Add 1 drop of the suspenslon “to each nng
..containing serum. . . - .-

9. Place the plate on the rotating machine at once.
Rotate for 4 minutes.

Alternatively, rotate the plate by hand, in the
horizontal piane, at the same speed.

10. As soon as the.4 minutes are up, place the plate on
the stage.of the microscope.

Examine the nngs in numerica! order, under the
x 10 objective (eyepiece x 10). .

f—r e
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Microscope reading

Non-reactive serum {NR}

A homogeneous suspension of fine short nsedle-like
particles.

Reactive serum (R)

Relatively large clumps of particles on a clear
background.

Weakly reactive serum (WR)

Many small clumps among free particles that have not
been agglutinated. Check this weak reaction by a
quantitative VDR L test.

A prozone reacticn is occasionally encountered. This
happens when inhibition of reactivity occurs with
undiiuted serum and maximum reactivity is obtained
only from diluted serum; tHus a weakly reactive or non-
reactive result in the qualitative test may be given by a
serum that will be strongly rezctive when diluted. All
weakly reactive sera should be retested using the
auantitative procedure bzfore the results are submitted.

Record the results as follows

VDRL qualitative test:

— serum reactive

— serum non-reactive

~ serum weakly reactive,

In cases of sypbhilis

the VDRL test normally yives positive results:

— 3 weeks after the appearance of the primary chancre, i.e.:
— 6 weeks after exposure to the infection,

Important: false positive reactions

Reagins may occasionally be found in small amounts in persons who have not contracted a treponematosis but
whose sera give positive results. It is therefore advisable to carry out the quantitative VDRL test on all sera found
reactive.

ERI
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B. VDRL SLIDE QUANTITATIVE TEST ON SERUM
Retest quantitatively all sera that produce reactive and wéakly reactive results in the qualitative VDRL slide test.

The dilutions of the serum to be tested are: undiluted (1:1), 1:2,1 :4.1:8, 1:16, and 1:32. Two tests may be set
up on one slide.

Materials
Additional equipment needed for the quantitative test: :?:r‘:;‘é)be checked for each needle before testing is
—. Test-tubes and racks — 23-gauge (0.6 mm) reedle without bevel (should
— 0.2 ml pipettes graduated in 0.01 ml subdivisions deliver 100 drops of sodium chloride solution per
— 1.0 ml graduated pipettes millilitre when syriinge and needle are held vertically,
— 19-gauge (1.0-1.1 mm) needle without bevel {should but this should be checked for each needle before
deliver 75 drops of antigen suspension per millilitre, testing is started)
when syringe and needle are held vertically, but this — sodium chloride soluticn.
Methord
1. Place the tubes of serum for quantitation in the
front row of a rack with a tube containing 0.7 ml of
sodium chloride solution directly behind each.

2. Prepare a 1:8 dilution of each serum as follows:

— add 0.1 ml of serum to the tubes containing
0.7 ml of sodium chloride solution

Use a 0.2 ml pipette graduated in 0.01 ml sub-
divisions.

3. Mix thoroughly and leave the pipette in the dilution
tube until all the dilutions are completed.




4. Using the pipette from the dilution tube, transfer
0.04 ml, 0.02 ml, and 0.01 ml of the 1:8 serum
dilution into rings 4, 5 and 6 respectively of a new
VDRL plate with the rings humbered as shown in
the illustration. Biow out the remaining serum
dilution into the dilution tube.

Y
o
-
-
O

OO
ce

.04 ml

(~l

0.02ml

(o

.01 mf

(=

5. Using the same pipette, add 0.04 ml, 0.02 ml and
0.01 ml of the undiluted serum to rings 1, 2, and 3
respectively.

o]
&

NIOIO10
OJOI0}

o
o}
»

oo

6. Add two drops of sodium chloride solution to rings
2 and 5 of each serum with a 23-gauge needle and
syringe,

»

OIOI0

7. Add three drops of sodium chloride solution to rings
3 and 6 of each serum with a 23-gauge needle and
syringe.

OO GOERO @G|
CIOICHICICICNICIOICILE.

LOOOEO

OI010

8. Rotate the plates gently by hand for about 15
seconds to mix the serum and solution.




9. Add one drop of antigen suspension to each ring
with the special 19-gauge needle and syringe.

10. Rotate the plates for 4 minutes (at 180 r/min). Read
the results microscopically immediately after
rotation.

-

Results
Report the results in terms of the greatest serum dilution that produces a reactive result.

Example

Undiluted serum Serum dilutions

1:2 1:4 1:8 1:16 1:32
R R R w N N Reactive, 1:4 dilution
w w R R w N Reactive, 1:8 dilution
N {rough) w R R R N Reactive, 1:16 dilution
w N N N N N Weakly reactivs, undiluted only
R =reactive

W = weakly reactive
N = non-reactive

ERIC . 302
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D MYCOLOGY- s

2. vPl,ty}ﬂy’a:’fsis Versicolor: Direct Examination

Pityriasis versicolor is a common skin disease in hot
climates, caused by the fungus Pityrosporum furfur, The
face and body are covered with patches:

— - pale and discoloured in black-skinned patients
— vyellowish-brown in white-skinned patients.

MATERIALS
— Adhesive cellophane tape
— Slide .

- Forceps

— Padot gauze

if possible, a 10g/I (1%} aqueous solution of eosin
(reagent No. 20). Otherwise, examine without staining. -

METHOD

1. . Choose a rapidly developing patch of infected skin.
"~ Moisten it with a gauze pad dipped |n the eosin
solutlon

‘Le‘ave to dr:y‘ for 1 minute.:

(Do not take the specimen if talcum powder has
-been used cn the skin. Wash first.)

7 B
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3. Stick the tape on the skin and press firmly from one
end to the other, passing a tongue depressor or glass

rod over it several times.

Examine the whole slide under the microscope (x40

- objective) until a cluster of large granules (the spores)
is seen, They are white on a pink background if the
skin was treated with eosin,and are also visible in
unstained preparations.

ERI
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REPORTING THE RESULT

Direct examination for pityriasis versicolor: clusters of spores (and, if applicable, mycelium filaments) present.

Culture

No culture has yet been possible.

Staining with iodine solution. lodine solution scales the skin and mycelium filaments are mainly found. The
method is not recommended.




43. Tinea: Direct Examination

Tinea is an infection of the scalp caused by different
- fungi and mainly affecting children. Patients lose their
* hair in round patches of varying size.

In the Iaboratory the funga can be detected by direct
examination of hair-under the microscope.

The fungi can also be cultured and-identified in -
specialized lzboratorizes {mycological culture).

MATERIALS

— Sterile (flamed) tweezers

— Slide

— Coverslip

- Lactophenol cotton blue (reagent No. 34), if
available

— 2004g/1 (20%) potassium hydroxide (reagent No. 41)

— Spirit lamp.

COLLECTION OF SPECIMEN

Choose a likely hair from inside the bald patch, but near
the edge. Infected hairs are short, broken, twisted and
duller than tha rest; sometimes there is a sort of dry pus
at their roots.

- Apply the tweezers nght at the base of the hair. Pull the
“hair out firmly but gradually. Affected hairs are usually
loosely fnxed in their follicles and brittle.

acc the pasr m the centre of a Ilde. It is advisable to




PREPARATION OF SLIDES

1. Place one drop of lactophenol blue or 20%
potassium hydroxide on the hairs. Cover with a
coverslip.

2. Pass the slide rapidly through a Bunsen burner flame
4 times, to warm it (or hold it over the flame of a
spirit lamp for % minute).

Warning: The stain and particularly the potassium
hydroxide may boil suddenly and spit. Keep your
face well away from the slide when heating it.

MICROSCOPICAL EXAMINATION

Examine under the x 40 (high power) objective, then
use oil immersion if necessary. Look for spores {large
round granules with a transparent membrane) round or
inside the hair.

1. Spcres found outside the hair

These are called ectothrix. Forming a sheath around
the base of the hair the following may be found:

{a) Small-spored ectothrix: very small spores
(2-3 um) in several layers (microspores)

{b) Large-spored ectothrix: large spores (5-8 um) in
1 or 2 layers (megaspores).

aoy



2. Spores and filaments found inside the hair

These are called endothrix. The following may be
found in the hair:

(a) Endothrix: chains of large spores (4-8 um),
often in conjunction with mycelium filaments.

{b) Mycelium filaments: clear thick filaments
4-5 um broad, twisted and fragmented,
surrounded by air bubbles in the hair, particu-
larly in potassium hydroxide preparations. On
the scalp, small yellow crusts form at the base
of each infected hair.

Important:

These examinations can be difficult, particularly in the
early stages of the disease.

If in doubt, take an apparently normal hair of the same
length and place it next to the infected hair on the slide
for comparison. Only cuiture can establish the exact
species of fungus involved.

RECORDING THE RESULT

Direct rnicroscopic examination of hair:

—~ Ectothrix microspores present.
—~ Endothrix filaments present with air bubbles in the
hair.

Collection of specimens using ultraviolet light

In specialized laboratories, hair specimens are collected

in a dark-room. The patient’s head is examined under

ultraviolet light. The hairs infected with tinea are often
fluorescent and thus easily seen._
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A.EXAMINATION OF URINE - *

1. éollictloh of Urire Spéclln’e‘ns and Appearance

o Urnne specimens must be col,.ected
.in the correct way .
- in sultable contame

if the speclmen is not collected properly, the laboratory
findl.:gs wiil be unreliable..

~ TIME OF COLLECTION

In hd&pltﬁl ‘whare only oneé specimen is needed, the best

time to collect jt IS flrst thing in the morning (the urine .
is concentrated : 5

At the dlsponsary have the patient pass the speclmen in
the dispensary, if posmble

Schistosomiasis: the best time for collection of
specimens to be examined for schistosome eggs is
_between 11.h and 17 h {(see page 178).

24-HOUR SPECIMENS (occasionally requested)

The urine is collected in a clear 2-litre bottle with a

stopper. The patient gets up and urinates; this urine is

not collected. All the urine passed during the rest of the

day is collected in the bottle. All the urine passed during

the night is also collected i in the bottle. The patient gets

up and collects the first urine of the morning in the ;
bottle. The bottle should be taken immediately to the

laboratory. Measure the volume of urine with a

measuring cylinder-and record it.

SPECIMEN CONTAINERS

For urine collected in the patient’s room use a:

— wide-mouthed bottle with stopper.

(If the specimen is intended for bacteriological examin-
ation a sterile container must be used.)

For urine collected in the laboratory use a:
— clean conical urine jar
— or any clean glass container or bottie.

QUANTITY OF URINE TO COLLECT

.. Collect at least 50 ml in a suitable bottle.




PERSONAL HYGIENE BEFORE COLLECTIONF

URINE

Women: Patients should wash the genital area in all
cases.
Avoid collecting urine specimens during the
menstrual period.

Men:  Washing is necessary only for bacteriological
examinations.

COLLECTION METHODS

Midstream specimens.
These are required for all examinations.

3 separate specimens:

These are sometinies requested by the physician. The
patient urinates without stopping into 3 successive urine
jars, marked 1, 2 and 3. It can then be determined, for
example, which jar contains the most blood, pus, etc.

Catheter specimens:

Collection of urine using a catheter must be carried out
by a qualified physician or nurse. The procedure is used
for certsin bacteriological tests, mainly in women.
Usually, however, a specimen collected in the normal
way following thorough local cleansing is acceptable for
this purpose.

Infants:

Urine can be collected into a plastic bag with an
adhesive mouth. The bag is fixed around the baby's
genitalia and left in place for 1-3 hours, depending on

the rxamination requested, Colostomy bags can be used.

APPEARANCE OF THE URINE

Describe the appearance of the urine: .

— the colour, whether yellow, dark yellow, brown or
colourless

— whether clear or cloudy.
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SPECIFIC GRAVITYY (SG)

Specific gravity is measured by nieans of a urinometer
calibrated from 1.000 to 1.060. (The specific gravity
of distilled water is 1.000 at a temperature of 20 °C).

The tempeictur: of the urine must also be measured
for correct czlculation of the specific gravity.

Value of the test

The specific gravity of urine varies according to kidney
function.

— Concentrated urine = high SG.
— Dilute urine = low SG.

Materials

— 1 urinometer
— 1 thermometer (0-50°C)
~ 1 measuring cy::nder {50 ml).

At least 40 m| of urine is required.

Method
1. Pour about 40 ml of urine into the cylinder.

2. Lower the urinometer gently into the urine and
release. .

3. Wait for it to settle. It must not be in contact with
the sides or bottom of the cylinder.

21U
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4. Read off the SG given on the scale at the surface
of the urine (lowest point of the meniscus).

5. Remove the urinometer. Take the temperature of
the urine at once with the thermometer.

Calculation

Check the tempoerature at which the urinometer is calibrated {marked on the instrument by the manufacturer).
Itis usually 20 "C. .

The temperature of the urine has been recorded.

Add to the SG recorded:
— 0.001 for every 3 °C that the urine temperature is above the calibration temperature.

Alternatively, subtract from the SG recorded:
— 0.001 for every 3 °C below the calibration temperature.

Example

The urinometer is calibrated at 20 °C.
The temperature of the urine is 26 °C.
The SG measured is 1.021.

The temperature of the urine is 6 °¢ higher than the calibration temperature.
Add to the SG figure:

% x 0.001 = 2 x 0,001 = 0.002
The actual SG of the urine, therefore, is:
1.021 +0.002 = 1.023.

—

Results

Normal SG: 1.020 (normal range: 1.010-1.025).

LowSG:  below 1.010* {kidney or endocrine disorder).
High SG:  above 1.025 (glycosuria, proteinuria).

* A low figure is of no signifizance if the patient has drunk a large amount of liquid before the test.

. Checking the utinometer

Every 3 months check the accuracy of the urinometer in distilled water at the temperature of calibration. The
reading should be 1.000.

- - Yo
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indicator papers are dupped in thn urine.
 The'cclour changes -according to the'pH. ' B
,_“‘The‘papers are then compared with: @ standard control chart giving the correspondmg flgures

- Materials
~Watch glasses
_Dropper -
Forcep« S
- Universal lndlcator papers (for measuring pH from
1t010) -
Indicator papers of limited pH range:
for the 5.0-2.0 range and for the 6.0-8.0 range.

The urine tested must be fresh.

Method

1. Place in a watch glass 1 strip of universal indicator
paper {pH 1-10).
Let a few drops of fresh urine fall on to the paper.

2. Pick the strip of paper up with forceps.
- Compare the colour obtained with those shown on
the standard chart. Read off the pr unit given for
. the colour most closely matching the test paper.

3 Aecording to the result obtauned select a strip of
g —mdnutor puper for the correspondmg Iumuted range.

M n&acator paper ‘or the range 5. 0-7 0:
M 8: indicator paper. for the. range 6 0-8 0.




4. Repeat the test in another watch glass, using the -
limited-range paper.

Read off the pH of the urine on the standard chart.
Example: pH =6.2; orpH = 7.5.

The test paper can also be dipped directly into the
urine in the receptacle to obtain a reading of the pH.

Results
Normal pH about 6.0 {limit of normal range from 5.0 to 7.0 during the day).

Acid pH 4 4.5-5.5 (if persistent: some forms of diabetes, muscular fatigue, acidosis).
Alkaline pH 7.8-8.0 (infectioﬁs of the urinary tract, vegetarian diet).

pH and crystalline deposits .
Determination of the pH of urine is useful for the identification of crystaliine deposits (see pages 332-335).
Some crystals are deposited in acid urine only, others in alkaline urine only. '
For example:

—  Acid urine: oxalates, uric acid.
— Alkaline urine: phosphates, carbonates.

Reminder: Acid fluids have a pH of 0-7 {0 being the most acid).
Aikaline fiuids have a pH of 7-14 {14 being the most alkaline).




| 3 De'te'ét'lon"aind,Estlmation of Glucose in Urine

Pnnclplo

" Glucose {sugar found in the urine of dlabetlcs) is a reducing substance: it reduces the b/ue copper suifate of
Benedlct solution to red copper oxide, which is insoiuble.

'BENEDICT METHOD
~ Materials
— Pyrex test-tubes
— Wooden test-tube holder
— Beaker -
— Bunsen burner
Penicillin bottles

Pipette
— Benedict quali*~tive solution (reagent No. 6).

Method

1. Pipette 5 ml of Benedict solution into a test-tube.

2. Add 8 drops of urine and mix well,

3. Boil overa Bumen burner or spirit lamp for

: .bo:ling water for 5 minutes.

-2 minutes, or stand the tube in a beaker or can'of'

rl.e'l;'l'e the Mixtdf& to cool t_o room temperature.




Reading the resuit

Examine the mixture for any colour change and for precipitate.

Colour Result (glucose present) Approximate concentration {mmol/litre)
Blue Negative 0
~.. Green A trace 14

Green with yeiiow

precipitate + 28

Yeliow to dark green ++ 56 .
Brown +++ 83

Orange to brick-red ++4+ 111 or more

Note: For detecting sugar in urine using reagent strips, see page 323.

Q 31
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4. Déti@tldn'and Estimation of Protein in Urine

- DETECTION OF PROTEIN IN URINE
METHOD USING 30% SULFOSALICYLIC ACID

Principle
When oulfosallcyllc acid is addad to urine containing protein, a white precipitate is formed

Urine

The urine must be clear. If it is cloudy, filter it through filter paper or use the supernatant fluld from
a centrifuged urine specimen.

 Matorials
T = Test-tub_es
— .Graduated 5 m| pipette

- — Sulfosalicylic acid 300 g/I aqueous solution
(reagent No. 51).

Method
1. Pipette S ml of urine into a test-tube.

OO

(&

2. Using a dropping pipette, add 2 drops of DO OO
sulfosalicylic acid solution to the urine.

- 3 Complre with a tube of untreated urme agamst
'blac| background ‘ Gk




Results
Paositive result

A white precipitate forms on addition of the
reagent. This is a useful technique when large
numbers of urine specimens have to be tested.
Report the results as follows:

R O trace
e A small amount
e i 2T moderate amount
o 2 o0 SRR P large amount (opaque).
Negative result
No white precipitate forms on addition of the
reagent.

Note: For the detection of protein using reagent strips, see page 323.

ESTIMATION OF PROTEIN IN URINE

Principle

This is a quantitative test using the sulfosalicylic acid method and protein standard tubes {proteinometer) as a
visual comparison method for estimating albumin.

Materials

— 3049/l (3%) sulfosalicylic acid solution (reagent
No. 52)
— protein standard tubes.

Method

1. Pipette 1 ml of urine into a small tube of the same
bore size as that of the standard tubes.

2. Add 3 ml of the sulfosalicylic acid solution.
Mix and leave for 5 minutes.

3. Compare the cloudiness of the test with that of
" the standard tubes.

N e o




Results

Report the amount of albumin in g/I.* If the reading is
over 1g/l, the urine is diluted with sodium chloride
solution and the test repeated, with the necessary
adjustments in the calculations.

" Example:

For a 1 in 4 dilution of the urine, use 0.25 ml urine
and 0.75 ml of sodium chloride solution. Mix.
Multiply the result obtained by 4.

*To convert values in mg/100 ml to values in g/, divide by 100.
Example: 100 mg/100ml x 0.01 = 1 g/l.

3950

315




e - .5.Bile PigmentsinUrine

Value of test
The bile secreted by the liver contains greenish-yellow substances: bile pigments.

In certain liver diseases {jaundice), anaemias and infectious conditions, bile pigments may pass into the blood
stream and be excreted in the urine. '

Principle

When iodine {Lugol iodine solution or tincture of iodine) is added to urine containing bile pigments, a green
colour is produced,

A. LUGOL IODINE TEST

Materials

— Test-tubes and rack

— 10ml measuring cylinder

— Lugol iodine solution {reagent No. 36)
— Dropping pipette.

Method

1. Pour into a test-tube:
— 4 ml of urine.

2. Add:
— 4 drops of Luge!